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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a carbon nanotube structure with a network including an 
electrically and/or magnetically connected condition formed between carbon nanotubes, as desired in 
area and volume, as well as a method of easily manufacturing the carbon nanotube structure in such a 
manner as requiring less carbon nanotubes and a carbon nanotube device using the useful carbon 
nanotube structure. 

SOLUTION: The method of manufacturing the carbon nanotube structure comprises removing a 
dispersion medium from a high-viscosity dispersion liquid obtained by dispersing the carbon nanotubes 
into a low-viscosity dispersion medium to form the network including the electrically and/or 
magnetically connected condition between the carbon nanotubes. The carbon nanotube structure is 
obtained by using the manufacturing method as well as the carbon nanotube device is obtained by 
using the carbon nanotube structure. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the carbon nanotube structure characterized by making the network 
which includes an electric and/or magnetic connection condition between carbon nanotubes by removing 
said dispersion medium from the hyperviscous dispersion liquid which made the dispersion medium of 
hypoviscosity distribute a carbon nanotube form. 

[Claim 2] The manufacture approach of the carbon nanotube structure according to claim 1 characterized by 
making said hyperviscous dispersion liquid distribute the body of further others. 
[Claim 3] The manufacture approach of the carbon nanotube structure according to claim 1 or 2 
characterized by removing said dispersion medium where said hyperviscous dispersion liquid are contacted 
to a predetermined capture part. 

[Claim 4] The manufacture approach of the carbon nanotube structure according to claim 3 that said capture 
part is characterized by being a flat-surface substrate. 

[Claim 5] The manufacture approach of the carbon nanotube structure according to claim 3 or 4 
characterized by for said capture part making said capture part contact by making said path structure pass 
said hyperviscous dispersion liquid including the path structure in contact with hyperviscous dispersion 
liquid, and arranging a carbon nanotube in accordance with said path structure. 

[Claim 6] The manufacture approach of the carbon nanotube structure according to claim 5 characterized by 
forming said path structure of the crevice or heights prepared on the flat-surface substrate. 
[Claim 7] The manufacture approach of the carbon nanotube structure according to claim 5 or 6 
characterized by being formed when said path structure carries out patterning of the flat-surface substrate 
top to the surface state from which lyophilic [ over said dispersion medium ] differs. 

[Claim 8] The manufacture approach of the carbon nanotube structure according to claim 3 that said capture 
part is characterized by coming to arrange the metal of the shape of the shape of a particle, and film on a 
flat-surface substrate. 

[Claim 9] The manufacture approach of the carbon nanotube structure given in any 1 of claims 1-8 
characterized by controlling the quantity of the carbon nanotube in the carbon nanotube structure 
manufactured by adjusting the concentration of the carbon nanotube in said hyperviscous dispersion liquid. 
[Claim 10] The carbon nanotube structure characterized by consisting of a network including the connection 
condition electric between carbon nanotubes, and/or magnetic formed by removing said dispersion medium 
from the hyperviscous dispersion liquid which made the dispersion medium of hypoviscosity distribute a 
carbon nanotube. 

[Claim 1 1] The carbon nanotube structure according to claim 10 characterized by making said hyperviscous 
dispersion liquid distribute the body of further others, and coming to distribute a body besides the above all 
over said network. 

[Claim 12] The carbon nanotube structure according to claim 10 or 1 1 characterized by contacting and 
coming to form said network in a predetermined capture part. 

[Claim 13] The carbon nanotube structure according to claim 12 to which said capture part is characterized 
by being a flat-surface substrate. 

[Claim 14] The carbon nanotube structure according to claim 12 or 13 to which said capture part is 
characterized by coming to arrange a carbon nanotube in accordance with this path structure including a 
path structure. 

[Claim 1 5] The carbon nanotube structure according to claim 14 characterized by the crevice or heights 
prepared on the flat-surface substrate coming to form said path structure. 

[Claim 16] The carbon nanotube structure according to claim 14 or 15 characterized by coming to be formed 
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when said path structure carries out patterning of the flat-surface substrate top to the surface state from 
which lyophilic [ over said dispersion medium ] differs. 

[Claim 17] The carbon nanotube structure according to claim 12 to which said capture part is characterized 
by coming to arrange the metal of the shape of the shape of a particle, and film on a flat-surface substrate. 
[Claim 18] The carbon nanotube structure given in any 1 of claims 10-17 characterized by some carbon 
nanotubes [ at least ] in said network touching mutually physically. 

[Claim 19] The carbon nanotube structure given in any 1 of claims 10-18 characterized by bodies other than 
a carbon nanotube coming to intervene to between [ in said network / at least / a part of] carbon nanotubes. 
[Claim 20] The carbon nanotube structure according to claim 19 to which bodies other than said carbon 
nanotube are characterized by participating in the electrical conductivity and/or magnetic properties between 
carbon nanotubes. 

[Claim 21] The carbon nanotube device characterized by including the carbon nanotube structure of a 
publication in any 1 of claims 1 0-20. 

[Claim 22] The carbon nanotube device with which the carbon nanotube structure layer set to any 1 of 
claims 1 0-20 from the carbon nanotube structure of a publication is characterized by coming to carry out a 
laminating more than two-layer. 

[Claim 23] The carbon nanotube device according to claim 22 characterized by the stratum functionale 
coming to intervene between at least 1 between said carbon nanotube structure layers. 

[Claim 24] The carbon nanotube contained to the both sides of said carbon nanotube structure layer to which 
said stratum functionale counters through the stratum functionale concerned including a functional body is 
the carbon nanotube device according to claim 23 with which comrades are characterized by coming to 
connect electrically and/or magnetically through said functional body a part. 

[Claim 25] A carbon nanotube device given in any 1 of claims 21-24 to which said a part of carbon 

nanotube structure [ at least ] is characterized by functioning as conductive wiring. 

[Claim 26] A carbon nanotube device given in any 1 of claims 21-25 to which said a part of carbon 

nanotube structure [ at least ] is characterized by functioning as a flat electrode. 

[Claim 27] A carbon nanotube device given in any 1 of claims 21-26 to which said a part of carbon 

nanotube structure [ at least ] is characterized by functioning as a device circuit. 

[Claim 28] The carbon nanotube device characterized by having the carbon nanotube structure which two or 
more carbon nanotubes became entangled at random, and connected by network, the base material which 
supports this carbon nanotube structure, and two or more electrodes used as an electrical connection edge 
with the exterior while being prepared on this base material and connecting with said carbon nanotube 
structure electrically. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the carbon nanotube device which used the carbon 
nanotube structure and it at the device containing a carbon nanotube, the functional material and the 
manufacture approach of the carbon nanotube structure available to a structural material etc. in addition to 
this, and the list. This invention can be developed to application of an extensive carbon nanotube. 
[0002] 

[Description of the Prior Art] Although fibrous carbon is generally called the carbon fiber, as for the carbon 
fiber used as a structural material of a size with a diameter of several micrometers or more, many kinds of 
processes have been studied from the former. By current, the process produced from the raw material of a 
PAN (polyacrylonitrile) system or a pitch system occupies the mainstream in it. 

[0003] About the raw material which carried out spinning from PAN fiber, the isotropic pitch, and the 
mesophase pitch, it fire-resistance-izes, and carbonizes at 800-1400 degrees C, and the outlines of this 
process are non-deliquesce and the approach of carrying out high temperature processing at 1500-3000 
degrees C. In this way, the obtained carbon fiber is excellent in mechanical properties, such as 
reinforcement and an elastic modulus, and since it is lightweight, it is used for sporting goods, a heat 
insulator, the structure material of aerospace relation or automobile relation, etc. also as a composite 
material. 

[0004] Apart from this, the carbon nanotube discovered in recent years is the tube-like ingredient of a size 
with a diameter of 1 micrometer or less, as an ideal thing, the field of a carbon 6 angle mesh may become 
parallel to the shaft of a tube, tubing may be formed, and this tubing may become multiplex further. It is 
expected theoretically how to connect 6 angle mesh made with carbon and that the property metallic or like 
a semi-conductor is shown by the size of a tube, and this carbon nanotube is expected as a future functional 
material. 

[0005] Although it is general to use an arc discharge method for composition of a carbon nanotube, a laser 
evaporation method, a thermal decomposition method, plasma use, etc. have been studied in recent years. It 
outlines about the carbon nanotube developed here in recent years. 

[0006] (Carbon nanotube) Although the ingredient 1 micrometer or less with a diameter thinner than a 
carbon fiber is called a common-name carbon nanotube and the carbon fiber is distinguished, there is 
especially no clear boundary. In a narrow sense, the ingredient with the field of carbonaceous 6 angle mesh 
almost parallel to a shaft is included in the carbon nanotube, also when amorphous carbon exists in the 
perimeter of a carbon nanotube, and a call and a carbon nanotube (in addition in this invention, as for a 
carbon nanotube, the interpretation of this narrow sense is applied.). 

[0007] Generally, a carbon nanotube in a narrow sense is classified further, as for the thing of the structure 
of one sheet, the tube of 6 angle mesh is called a single Wall nanotube (it is hereafter called "SWNT" for 
short), and, on the other hand, what consists of tubes of multilayer 6 angle mesh is called the multi-wall 
nanotube (it is hereafter called "MWNT" for short). Of what kind of structure a carbon nanotube is obtained 
has not yet performed generating only the carbon nanotube of the same structure, although determined to 
some extent by a synthetic approach and conditions. 

[0008] The path of a carbon fiber is large, it is parallel to a shaft, and the cylinder-like network structure 
does not progress. Although it is parallel to a shaft and the tube-like network structure is near the core of a 
tube in the vapor phase cracking using a catalyst, the carbon of structure confused to the perimeter has 
adhered mostly in many cases. 

[0009] (Application of a carbon nanotube) The conventional technique about application of a carbon 
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nanotube is explained below. At present, although the application product of a carbon nanotube has not 
come out, the research activities towards application-ization are active. A typical example is explained 
briefly [ below ] in it. 

[0010] (1) Its tip is acute, and since an electron source carbon nanotube has electrical conductivity, there are 
many examples of research as an electron source. W.A. deHeer and others is "Science" (270 Vol. 1995p 
1 1 79), he refines the carbon nanotube obtained by the arc discharge method, stands it on a substrate through 
a filter, and is taken as the electron source. Although the electron source serves as an ensemble of a carbon 
nanotube in this report, it is indicated that the emission current 1 00mA or more was stabilized by impression 
of the electrical potential difference of 700V, and it was obtained from the area of 2 1 cm. 
[001 1] moreover, the place which A.G.Rinzler and others attached in the electrode one of the carbon 
nanotube obtained by the arc discharge method by "Science" (269 Vol. 1995p 1550), and evaluated the 
property — about 75 — from the carbon nanotube which the tip closed by electrical-potential-difference 
impression of V, it is indicated that the emission current of about 0.5microA was acquired from the carbon 
nanotube which about 1 nA and a tip opened. 

[0012] (2) STM, AFMH.Dai and others have reported the application to STM of a carbon nanotube, and 
AFM in "Nature" (384, 1996, p. 147). The carbon nanotube used here was produced by the arc discharge 
method, and the amount of point has become SWNT with a diameter of about 5nm. A chip (tip) is thin, 
since it is pliant, it can observe also at the bottom of the clearance part of a sample, and it is said that an 
ideal chip (tip) without chip crash (tip crash) at a tip is obtained. 

[0013] (3) Hydrogen storage ingredient A.C.Dillon and others has reported that a several times as many 
hydrogen content child as this can store as compared with the carbon generated from the raw material of a 
pitch system to "Nature" (Vol. 386, 1997, p. 377-379) by using SWNT. Although the examination to 
application has still started just, it is expected as hydrogen storage ingredients, such as a hydrogen fueled 
car, in the future. 

[0014] As a process of the above-mentioned carbon nanotube, current [ three kinds of] are mainly used. 
Specifically, it is the approach (thermal decomposition method using a catalyst) similar to vapor growth, arc 
discharge method, and laser evaporation method for manufacturing a carbon fiber. Moreover, the plasma 
synthesis method and the solid reaction method are known besides these the above-mentioned three kinds. 
[0015] Here, it explains briefly [ below ] about three typical kinds. 

(1) The thermal decomposition method this gentleman method using a catalyst is almost the same as the 
vapor growth for manufacturing a carbon fiber. The detail of such a process is International by 
C.E.SNYDER and others. It is indicated by WO 89/07163 (International Publication Number) of Patent. 
Although ethylene and a propane are introduced with hydrogen into a reaction container and an ultra-fine 
particle is introduced into coincidence, it is indicated that the raw material which contains oxygen, such as 
unsaturated hydrocarbon, such as saturated hydrocarbon, such as methane, ethane, a propane, butane, a 
hexane, and a cyclohexane, ethylene, a propylene, benzene, and toluene, an acetone, a methanol, and a 
carbon monoxide, besides this is sufficient as material gas. 

[0016] Moreover, as for the ratio of material gas and hydrogen, 1:20-20:1 are good, and the method of Fe, 
Fe, and the mixture of Mo, Cr, Ce, and Mn being recommended, and making it, as for a catalyst, adhere on a 
fumed (fumed) alumina is also advocated. As for a reaction container, in 550-850 degrees C, it is desirable 
that the flow rate of gas adjusts the material gas with which hydrogen contains 100sccm(s) and carbon per 
diameter of 1 inch to 200sccm extent, a particle is introduced and a carbon nanotube grows in 30 minutes - 
about 1 hour. 

[0017] In this way, the diameter of the configuration of the carbon nanotube obtained is about 3.5-75nm, 
and die length reaches by 5 to 1000 times the diameter. The carbonaceous network structure becomes 
parallel to the shaft of a tube, and there is little adhesion of the pyrolysis carbon of a tube outside. 
[0018] Moreover, although generation effectiveness is not good, it is reported by H.Dai and others 
("Chemical Physics Letters" 260, 1996, p. 471-475) that SWNT will be generated if Mo is used as a catalyst 
nucleus, carbon monoxide gas is made into material gas and it is made to react at 1200 degrees C. 
[0019] (2) An arc discharge method arc discharge method is first found out by Iijima, and is indicated by 
Nature (354 Vol. 1991p 56-58) for details. An arc discharge method is a simple method of performing DC 
arc discharge using a carbon rod electrode in an argonPa [ about 13300Pa ] (lOOTorr) ambient atmosphere. 
A carbon nanotube grows up to be a part of front face of the negative electrode with a 5-20nm carbon 
particle. This carbon nanotube is the layer structure with which the mesh of the carbon of the shape of a tube 
with a die length of about 1-50 micrometers lapped for the diameter of 4-30nm, and the network structure of 
that carbon is spirally formed in the shaft in parallel. 
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[0020] Spiral pitches differ for every layer in every tube and a tube, and the distance between layers in the 
case of a multilayer tube is mostly in agreement with the distance between layers of 0.34nm and graphite. 
The tip of a tube is closed too in the network of carbon. 

[0021] Moreover, T.W.Ebbesen and others has indicated the conditions which generate a carbon nanotube in 
large quantities by the arc discharge method to "Nature" (358 Vol. 1992p 220-222). The diameter of 9mm is 
used for cathode and a carbon rod with a diameter of 6mm is used for an anode plate, as concrete conditions, 
it installs so that it may detach 1mm and may counter in a chamber, and the arc discharge of about 18V and 
100A is generated in a heliumPa [ about 66500Pa ] (500Torr) ambient atmosphere. 

[0022] When a pressure is lower than 66500Pa (SOOTorr), even if there are few rates of a carbon nanotube 
and a pressure is higher than 66500Pa (SOOTorr), the whole amount of generation decreases. In 66500Pa 
(500Torr) of optimum conditions, the rate of the carbon nanotube in a product reaches to 75%. Even if it 
changes injection power or uses an ambient atmosphere as an argon, the rate of collection of a carbon 
nanotube falls. In addition, many carbon nanotubes near the core of the generated carbon rod exist. 
[0023] (3) The laser evaporation method laser evaporation method was reported to "Chemical 
PhysicsLetters" (243, 1995, p.49-54) by T.Guo and others, and A.Thess and others has reported generation 
of form-of-a-rope SWNT by the laser evaporation method to "Science" (vol. 273, 1996, p. 483-487) further. 
The outline of this approach is as follows. 

[0024] First, after installing the carbon rod which distributed Co andTiickel into a quartz tube and filling 
66500Pa (SOOTorr) of Ar(s) in a quartz tube, the whole is heated at about 1200 degrees C. And NdYAG 
laser is condensed from the edge of the upstream of a quartz tube, and heating evaporation of the carbon rod 
is carried out. If it does so, a carbon nanotube will accumulate on the downstream of a quartz tube. This 
approach is promising as an approach of producing SWNT alternatively, and SWNT(s) gather and it has the 
descriptions — it is easy to become lobe-like. 

[0025] A size and the direction of the carbon nanotube obtained in the configuration and process of a carbon 
nanotube of the above and the conventional technique are quite random, and the electrode is not joined to a 
carbon nanotube immediately after growth. That is, a carbon nanotube must be collected and refined after 
composition on the occasion of use, and it must form in a specific configuration according to the gestalt 
used further. 

[0026] for example, when it is going to use a carbon nanotube for an electrical circuit, since the carbon 
nanotube is very detailed, the technique to which handling is difficult for and produces high density wiring 
like an integrated circuit (IC) is still proposed — not having — Nature vol. — it was only evaluating the 
detailed component of the single structure which produces a detailed electrode beforehand, and a carbon 
nanotube's arranges in the location and is made in it as shown in 397, 1999, and p.673-675. Moreover, he 
wants to make a carbon nanotube efficiently built into the interior of an electronic circuitry so that it may be 
very expensive and there may be no loss. The difficulty of these handling and the expensive problem of 
things have been a serious failure to concrete device-izing. 

[0027] The electrical signal processing made similar to the brain of a different living thing from the 
conventional electronic-circuitry device as the one way out can be considered. Unlike old electric wiring, a 
carbon nanotube is very thin, since directivity is also high, may realize multiplex wiring like the neurone 
within a brain, and may be able to embody the processor of a different non-J. von Neumann mold from the 
conventional computation. However, there is no report of signal transduction with the organization object of 
a carbon nanotube and signal processing until now. 

[0028] As the technique of forming the organization object of a carbon nanotube, a carbon nanotube is often 
in a dispersion medium distributed, the dispersion liquid of a carbon nanotube are prepared, and if a flat- 
surface substrate is made to trickle and dry these dispersion liquid, it will be expected that the thin film of a 
carbon nanotube is producible. Moreover, it was the treatment of the minute amount residue of the range 
which can be imagined easily instead of an approach with it peculiar to a carbon nanotube to leave the lump 
of a very little carbon nanotube accidentally to the front face of a flat- surface substrate by dropping said 
dispersion liquid until now, although it carried out. 

[0029] The thin film in which the minute body carried out minute restoration can be formed with desiccation 
of the dispersion medium from the dispersion liquid which the minute body distributed to the dispersion 
medium so that it may be known as self-organizing of a particle. However, it acts freely, without restricting 
a minute body mutually except for cohesive force in that case into dispersion liquid. For this reason, the 
contact between minute bodies at the time of minute restoration being carried out at the time of desiccation 
of a dispersion medium is governed by only the cohesive force between minute bodies, and the floe of a 
minute body separates and generates it. Therefore, the domain which carried out minute restoration tends to 
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serve as an island-shape organization which separated into plurality. 

[0030] Although the whole substrate surface can be electric-conduction-ized in a small amount if this can be 
distributed in the shape of a mesh when a conductive particle is used as a minute body It was only easy to 
become island-shape structure stable only by drying a dispersion medium from the dispersion liquid of a 
minute body like previous statement, and they had to use the conductive particle of the amount which covers 
the whole surface mostly, in order to electric-conduction— ization-process a flat-surface substrate, since it 
will be in the condition of having been dispersed. 

[0031] The problem of the dispersion liquid of the above minute body is also fundamentally the same as 
when a carbon nanotube is used as a minute body. That is, since the lump of the carbon nanotube obtained 
by making a flat-surface substrate trickle and dry the dispersion liquid of a mere carbon nanotube usually 
becomes the island-shape organization which separated into plurality and will be in the condition of having 
become independent between each domains, the electric and/or magnetic connection condition was divided 
and he was not able to acquire a network configuration useful as the carbon nanotube structure. Therefore, 
even if it is only only electric-conduction— ization-processing the whole surface of a flat-surface substrate, a 
lot of carbon nanotubes which can cover the whole surface mostly are required, the amount of the carbon 
nanotube used rises sharply, and the merit using a carbon nanotube cannot be found out. 
[0032] 

[Problem(s) to be Solved by the Invention] Therefore, this invention is for it to be easily obtained by the 
carbon nanotube structure and the list by which the network which includes an electric and/or magnetic 
connection condition between carbon nanotubes was formed in desired area and volume, and provide them 
with the manufacture approach of the carbon nanotube structure with little amount of the carbon nanotube 
used. Moreover, this invention is to offer the carbon nanotube device which used the carbon nanotube 
structure useful such. 
[0033] 

[Means for Solving the Problem] this invention persons are investigating the relation between the 
concentration of the carbon nanotube in the dispersion liquid of a carbon nanotube, the property of said 
dispersion liquid, and the structure of the carbon nanotube structure obtained, and hit on an idea to this 
invention. 

[0034] Namely, this invention <1> It is removing said dispersion medium from the hyperviscous dispersion 
liquid which made the dispersion medium of hypo viscosity distribute a carbon nanotube, and is the 
manufacture approach of the carbon nanotube structure characterized by making the network which includes 
an electric and/or magnetic connection condition between carbon nanotubes form. 

[0035] <2> It is the manufacture approach of the carbon nanotube structure given in <1> characterized by 
making said hyperviscous dispersion liquid distribute the body of further others. 
[0036] <3> It is in the condition of having contacted said hyperviscous dispersion liquid to the 
predetermined capture part, and is the manufacture approach of the carbon nanotube structure given in <1> 
characterized by removing said dispersion medium, or <2>. 

[0037] <4> Said capture part is the manufacture approach of the carbon nanotube structure given in <3> 
characterized by being a flat-surface substrate. 

[0038] <5> It is the manufacture approach of the carbon nanotube structure given in <3> characterized by 
for said capture part making said capture part contact by making said path structure pass said hyperviscous 
dispersion liquid including the path structure in contact with hyperviscous dispersion liquid, and arranging a 
carbon nanotube in accordance with said path structure, or <4>. 

[0039] <6> Said path structure is the manufacture approach of the carbon nanotube structure given in <5> 
characterized by being formed of the crevice or heights prepared on the flat-surface substrate. 
[0040] <7> Said path structure is the manufacture approach of the carbon nanotube structure given in <5> 
characterized by being formed by carrying out patterning of the flat-surface substrate top to the surface state 
from which lyophilic [ over said dispersion medium ] differs, or <6>. 

[0041] <8> Said capture part is the manufacture approach of the carbon nanotube structure given in <3> 
characterized by coming to arrange the metal of the shape of the shape of a particle, and film on a flat- 
surface substrate. 

[0042] <9> By adjusting the concentration of the carbon nanotube in said hyperviscous dispersion liquid, it 
is the manufacture approach of the carbon nanotube structure given in any 1 of <1>- <8> characterized by 
controlling the quantity of the carbon nanotube in the carbon nanotube structure manufactured. 
[0043] <10> It is the carbon nanotube structure characterized by consisting of a network including the 
connection condition electric between carbon nanotubes, and/or magnetic formed by removing said 
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dispersion medium from the hyperviscous dispersion liquid which made the dispersion medium of 
hypoviscosity distribute a carbon nanotube. 

[0044] <1 1> It is the carbon nanotube structure given in <10> characterized by making said hyperviscous 
dispersion liquid distribute the body of further others, and coming to distribute a body besides the above all 
over said network. 

[0045] <12><10> characterized by contacting and coming to form said network in a predetermined capture 
part, or the carbon nanotube structure given in <1 1>. 

[0046] <13> Said capture part is the carbon nanotube structure given in <12> characterized by being a flat- 
surface substrate. 

[0047] <14> Said capture part is the carbon nanotube structure given in <12> characterized by coming to 
arrange a carbon nanotube in accordance with this path structure including a path structure, or <13>. 
[0048] <15> Said path structure is the carbon nanotube structure given in <14> characterized by the crevice 
or heights prepared on the flat-surface substrate coming to be formed. 

[0049] <16> Said path structure is the carbon nanotube structure given in <14> characterized by coming to 
be formed by carrying out patterning of the flat-surface substrate top to the surface state from which 
lyophilic [ over said dispersion medium ] differs, or <15>. 

[0050] <17> Said capture part is the carbon nanotube structure given in <12> characterized by coming to 
arrange the metal of the shape of the shape of a particle, and film on a flat-surface substrate. 
[0051] <1 8> Some carbon nanotubes [ at least ] in said network are the carbon nanotube structures given in 
any 1 of <10>- <17> characterized by being physically in contact mutually. 

[0052] <19> It is the carbon nanotube structure given in any 1 of <10>- <18> characterized by bodies other 
than a carbon nanotube coming to intervene to between [ in said network / at least / a part of] carbon 
nanotubes. 

[0053] <20> Bodies other than said carbon nanotube are the carbon nanotube structures given in <19> 
characterized by participating in the electrical conductivity and/or magnetic properties between carbon 
nanotubes, 

[0054] <21> It is the carbon nanotube device characterized by including the carbon nanotube structure of a 
publication in any 1 of <10>- <20>. 

[0055] <22> The carbon nanotube structure layer set to any 1 of <10>- <20> from the carbon nanotube 
structure of a publication is the carbon nanotube device characterized by coming to carry out a laminating 
more than two-layer. 

[0056] <23> It is a carbon nanotube device given in <22> characterized by the stratum functionale coming 
to intervene between at least 1 between said carbon nanotube structure layers. 

[0057] <24> some carbon nanotubes contained to the both sides of said carbon nanotube structure layer to 
which said stratum functionale counters through the stratum functionale concerned including a functional 
body — comrades are carbon nanotube devices given in <23> characterized by coming to connect 
electrically and/or magnetically through said functional body. 

[0058] <25> Said a part of carbon nanotube structure [ at least ] is a carbon nanotube device given in any 1 
of <21>- <24> characterized by functioning as conductive wiring. 

[0059] <26> Said a part of carbon nanotube structure [ at least ] is a carbon nanotube device given in any 1 
of <21>- <25> characterized by functioning as a flat electrode. 

[0060] <27> Said a part of carbon nanotube structure [ at least ] is a carbon nanotube device given in any 1 
of <21>- <26> characterized by functioning as a device circuit. 

[0061] <28> It is the carbon nanotube device characterized by having the carbon nanotube structure which 
two or more carbon nanotubes became entangled at random, and connected by network, the base material 
which supports this carbon nanotube structure, and two or more electrodes used as an electrical connection 
edge with the exterior while being prepared on this base material and connecting with said carbon nanotube 
structure electrically. 

[0062] The above this invention checks the thing of the part in contact with the hyperviscous dispersion 
liquid which distributed the carbon nanotube for which a carbon nanotube can be mostly arranged over the 
whole surface for the first time, and proposes that it may be further operated as a device part for the first 
time. 
[0063] 

[Embodiment of the Invention] Hereafter, this invention is explained to a detail. 

<the mechanism of action of this invention> — the mechanism of action of this invention is explained first. 
If the concentration of a minute body is raised and it generally goes in the dispersion liquid which the 
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minute body distributed to the dispersion medium, maintaining a distributed condition, the viscosity of 
dispersion liquid will rise in proportion to the concentration. It is also fundamentally the same as when a 
carbon nanotube is used as a minute body, and as shown in graph ** of the continuous line in the field of the 
section A of drawing 1 , the viscosity of dispersion liquid rises-like proportionally with the rise of carbon 
nanotube concentration. In addition, drawing 1 is a graph showing the relation between the carbon nanotube 
concentration in the dispersion liquid of a carbon nanotube, and the viscosity of dispersion liquid. 
[0064] However, in the dispersion liquid of a carbon nanotube, when this invention persons raised carbon 
nanotube concentration further, they found out that the degree of a viscosity rise became large bordering on 
a certain critical point. That is, bordering on the critical point X in graph ** of drawing 1 , the inclination of 
a carbon nanotube concentration-dispersion-liquid viscosity straight line changes before and behind that, 
and becomes steep in the field of Section B compared with the field of Section A. 
[0065] This phenomenon is explained as follows. In the field of the section A where carbon nanotube 
concentration is low, a carbon nanotube is freely served like the dispersion liquid of a common minute body, 
without being restricted mutually. Therefore, although the operation which carbon nanotubes condense takes 
place, according to the rate of an abundance ratio of a carbon nanotube, the viscosity of dispersion liquid 
rises-like proportionally fundamentally. 

[0066] However, a carbon nanotube is the minute body of the shape of a long and slender tube, if carbon 
nanotube concentration is raised further and it goes, a carbon nanotube f s existence probability will go up and 
existence of the carbon nanotube with which the gap between carbon nanotubes carries out pons delivery 
(bridge formation) of a carbon nanotube thru/or between [ its ] floes by becoming small will come out. 
[0067] If this bridge formation condition starts, the viscosity of dispersion liquid will not be governed by 
only the rate of an abundance ratio of a carbon nanotube, and viscosity will rise rapidly according to the 
degree of bridge formation. That is, the concentration from which this bridge formation condition begins is 
the critical point X in graph ** of drawing 1 , and the condition of dispersion liquid that the bridge 
formation condition is advancing is the field of Section B. 

[0068] Thus, if the concentration of a carbon nanotube is raised and it goes, the so-called network where 
mediation of a carbon nanotube exists a carbon nanotube thru/or between [ its ] floes in the dispersion liquid 
concerned will be formed. In the field of Section A, according to the operation which carbon nanotubes as 
stated above condense, dispersion liquid are in an unstable condition, and if sufficient stirring is not given, a 
carbon nanotube will be condensed and will precipitate. However, in the field of Section B, bridge 
formation of a carbon nanotube exists a carbon nanotube thru/or between [ its ] floes, in order that the 
carbon nanotube contributed to this bridge formation may play the role of a dispersant, dispersion liquid are 
stable, and the network configuration of a carbon nanotube is held, without a carbon nanotube precipitating, 
even when stirring still has no stirring at least. 

[0069] Even if this network configuration is very firm and it removes a dispersion medium, although the 
improvement in a consistency is produced, the condition of relation of mutual is held. On the contrary, even 
if it adds a dispersion medium and reduces the carbon nanotube concentration in dispersion liquid, although 
the fall of a consistency is produced, the condition of relation of mutual is held. After graph ** of the 
alternate long and short dash line of drawing 1 raises carbon nanotube concentration to Y, it is a carbon 
nanotube concentration-dispersion-liquid viscosity straight line when adding a dispersion medium and 
dropping carbon nanotube concentration to Z again, and shows viscosity only with a high part to be shown 
with Notation D to the dispersion liquid of this concentration Z which does not pass through the field of 
Section B. Thus, although said network configuration is held and the fall of the viscosity by consistency fall 
is seen even if the dispersion liquid in which the field of Section B was once arrived at and the network 
configuration of a carbon nanotube was formed reduce carbon nanotube concentration after that, the high 
viscosity originating in a bridge formation condition is shown. 

[0070] In addition, it is a thing at the time of assuming the carbon nanotube dispersion liquid like a model 
with the uniform size and die length of the distributed carbon nanotube, and graph ** of drawing 1 is 
difficult to draw a locus like graph ** of the dotted line of drawing 1 , and to find out the clear critical point, 
when dispersion is in the size and the die length of a carbon nanotube. However, the same inclination is seen 
and the inclination of a carbon nanotube concentration-dispersion-liquid viscosity curve becomes steep in 
the field of Section B compared with the field of Section A. That is, into the dispersion liquid in the field of 
Section B, the so-called network where mediation of a carbon nanotube exists a carbon nanotube thru/or 
between [ its ] floes is formed. 

[0071] This invention is removing a dispersion medium from the dispersion liquid which were obtained as 
mentioned above and in which the network's is formed, and is characterized by manufacturing the carbon 
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nanotube structure in which the network of a carbon nanotube was formed. That is, this invention is i 
removing said dispersion medium from the hyperviscous dispersion liquid which made the dispersion 
medium of hypo viscosity distribute a carbon nanotube, and is a carbon nanotube device using the carbon 
nanotube structure and it which are characterized by becoming the manufacture approach of the carbon 
nanotube structure characterized by making the network which includes an electric and/or magnetic 
connection condition between carbon nanotubes form, and a list from said network. 
[0072] To the dispersion liquid in the field of the section B of graph [ of drawing 1 ] **, and **, or the 
dispersion liquid concerned, a dispersion medium is added, or "hyperviscous dispersion liquid" removes a 
dispersion medium to some extent, points out the thing of the dispersion liquid in the condition of having 
adjusted carbon nanotube concentration ex post, and does not point out that carbon nanotube dispersion 
liquid itself are more than predetermined viscosity here. If it puts in another way, mediation of a carbon 
nanotube will exist a carbon nanotube thru/or between [ its ] floes in dispersion liquid, and the 
"hyperviscous dispersion liquid" told to this invention will mean the dispersion liquid in which the network 
of a carbon nanotube is formed. For example, a dispersion medium is added to the dispersion liquid of the 
carbon nanotube concentration Y of graph ** in drawing 1 , and even if carbon nanotube viscosity is 
dispersion liquid of the field of the section A in graph ** which fell a little, it is contained under the 
category of the "hyperviscous dispersion liquid" which can say as "hyperviscosity" relatively and is told to 
this invention to the dispersion liquid of graph ** which is dispersion liquid of this concentration which 
does not pass through the field of Section B. 

[0073] Moreover, "hypo viscosity" is the language corresponding to the "hyperviscosity" in hyperviscous 
dispersion liquid, and a dispersion medium means eliminating "the case where the dispersion liquid serve as 
hyperviscosity although the viscosity of a dispersion medium itself is hyperviscosity therefore." Therefore, 
the very thing does not point out that it is below predetermined viscosity about a dispersion medium, either. 
[0074] In addition, when between carbon nanotubes does not need to touch physically and the network 
configuration of the carbon nanotube formed in this invention not necessarily takes the usefulness of the 
carbon nanotube structure into consideration, an electric and/or magnetic connection condition should just 
be included between carbon nanotubes at least. 

[0075] Here, the annular solid of the carbon nanotube connected by said joint in the condition (this annular 
solid is overlapped) of the annular solid of the carbon nanotube connected between [ two or more ] carbon 
nanotubes with the "network" by the joint concerned including the joint connected electrically and/or 
magnetically existing, and subsuming this annular solid says the configuration found out two or more. 
[0076] It explains using drawing 2 . An example of the aggregate of a carbon nanotube is shown in drawing 
2 . What is necessary is just to connect electrically and/or magnetically, even if the joint concerned does not 
touch physically like previous statement although the part which crosses between two or more carbon 
nanotubes N1-N9 is a joint. 

[0077] The annular solid CI first formed with three carbon nanotubes of N1-N3 exists in the aggregate of 
the carbon nanotube shown in drawing 2 . Moreover, the annular solid C2 formed with four carbon 
nanotubes, Nl, N4, N5, and N3, exists. Furthermore, the annular solid C3 formed with seven carbon 
nanotubes, Nl, N2, N9, N8, N7, N6, and N3, exists. 

[0078] If the relation of three annular solids is considered, the annular solid C2 is in the condition of 
subsuming an annular solid CI. Moreover, it is in the condition that an annular solid C3 also subsumes an 
annular solid CI . That is, two annular solids of the annular solid C2 and annular solid C3 which exist in the 
condition (an annular solid CI is overlapped) of subsuming an annular solid CI are found out. That is, the 
aggregate of the carbon nanotube shown in drawing 2 is contained in the concept of the "network" told to 
this invention. 

[0079] In addition, although an annular solid otherwise exists in drawing 2 , in order to check a network 
definition, three annular solids of arbitration should examine only three annular solids C1-C3 in the 
condition by which it is shown in drawing 2 that what is necessary is just to have relation as stated above at 
least. The carbon nanotube structure of obtained this invention can investigate the structure of a carbon 
nanotube in a detail, without giving metal vacuum evaporationo also in SEM observation, since the carbon 
nanotube touches mutually. 

[0080] The carbon nanotube structure of this invention can make the high electrical conductivity and/or the 
magnetic properties by the network of a carbon nanotube give, since it has the operation both whose carbon 
nanotubes form a crossover or a bundle unlike what carried out minute restoration of the minute particle 
etc., when the carbon nanotube concentration in said hyperviscous dispersion liquid is low and the 
consistency of the carbon nanotube in the carbon nanotube structure obtained is low. 
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[0081] Moreover, high light transmission nature can be mentioned as incidental effectiveness by this 
invention. If a carbon nanotube is used, since it is not necessary to cover the whole substrate front face, there 
can be many clearances on the front face of a substrate where a carbon nanotube does not exist, and can 
make light penetrate easily, although minute restoration must be carried out and the whole substrate front 
face must be covered, when it is going to give electrical conductivity to a substrate front face by a minute 
particle etc. 

[0082] Phys.Rev.B 62 The electric conduction between carbon nanotubes is lower than the electric 
conduction in the interior of a carbon nanotube, and if the property is used, possibility that unprecedented 
minute electric wiring and an unprecedented minute electrical circuit can produce using a carbon nanotube 
is suggested as reported by R2307 (2000). Therefore, according to the carbon nanotube structure of this 
invention, without needing detailed handling, a large-scale electronic circuitry can be produced now and 
very high industrial value can be found out. 

[0083] Since a carbon nanotube is a thin long configuration, even if the carbon nanotube structure formed 
after removing said dispersion medium from said hyperviscous dispersion liquid does not perform a special 
chemical treatment, it comes to adhere to a body front face by the van der waals force (force between 
matter) and a tangle between carbon nanotubes which work between body front faces. Therefore, for 
example, the layer of the carbon nanotube structure can also be repeated and formed further, and the carbon 
nanotube device which consisted of multilayers can also be produced. Moreover, since the formed carbon 
nanotube structure is connected by network, it is hard to solve a network by the force between matter 
between carbon nanotubes, or tangle, and in the below-mentioned capture part, it is in the condition in which 
the network stuck to the body side according to the force between matter of a capture part and a carbon 
nanotube, acts like a huge molecule, and is especially hard coming to remelt a carbon nanotube network. 
[0084] Furthermore, the matter of a property which prepares two or more layers (henceforth a "carbon 
nanotube structure layer") containing the carbon nanotube structure, and is different also between each 
carbon nanotube structure layer can also be inserted, for example, — forming the specific part (signal 
channel) which can interact between layers by arranging an insulator layer between each carbon nanotube 
structure layer, inserting semi-conductivity and the conductive matter, performing the interaction between 
layers, such as an electron and an exchange of a current, or preparing [****/ insulating between layers ] 
structure in the interior of a layer ****-- etc. — a new multifunctional device is producible with constituting 
various laminated structures. 

[0085] From the hyperviscous dispersion liquid which made the dispersion medium of hypoviscosity 
distribute a carbon nanotube, the manufacture approach of the carbon nanotube structure of <manufacture 
approach of the carbon nanotube structure> this invention is removing said dispersion medium, and is 
characterized by making the network which includes an electric and/or magnetic connection condition 
between carbon nanotubes form. 

[0086] the case where to be below predetermined viscosity like previous statement as a dispersion medium 
which can be used in this invention is not demanded, and there is especially no limit since a carbon nanotube 
is organic solvent insolubility, and other below-mentioned bodies are distributed - being concerned — 
others — what is necessary is just to choose the liquid which does not dissolve a body However, in order to 
distribute a carbon nanotube good, it is desirable that it is hypoviscosity too. As viscosity which said 
dispersion medium is expected, it is desirable that they are 0.1 or less Pa-S, and it is more desirable that it is 
the range of 0.00001 - 0.01 Pa-S. 

[0087] As an example of a concrete dispersion medium, water, the water solution containing a surfactant, 
the water solution containing ion, the water solution containing a macromolecule, and a carbon number can 
mention aromatic series, such as the hydrocarbons to 1-30, alcohols, ether, ketones, benzene, a 
dichlorobenzene, or toluene, or those mixed solutions. 

[0088] Moreover, it is also possible to include the molecule which is easy to carry out molecular association 
in these dispersion media. It can be used being able to include moderately the molecule which is easy to 
carry out molecular association so that the viscosity of a dispersion medium can be adjusted according to the 
effectiveness of this molecular association, therefore it may become desired viscosity. In these dispersion 
media, the temperature dependence of the viscosity may be used, and the temperature of a dispersion 
medium can be adjusted and used so that it may become desired viscosity. 

[0089] As a carbon nanotube used in this invention, SWNT or MWNT is sufficient. It is in the inclination 
which becomes more nearly upright as flexibility will be lost rather than SWNT and it will become a 
multilayer, if the SWNT is more flexible and it is generally set to MWNT. As for SWNT and MWNT, it is 
desirable to use properly in consideration of the property according to the purpose. 
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[0090] Especially as die length of an applicable carbon nanotube, although not limited, generally the thing 
of the range of lOnm - 1000 micrometers is used, and the thing of the range which is lOOnm - 100 
micrometers is used preferably. Especially as a diameter (size) of a carbon nanotube, although not limited, 
generally the thing of the range of lnm - 1 micrometer is used, and the thing of the range of 3nm - 500nm is 
preferably used to the application moderate flexibility is wished to a carbon nanotube. 

[0091] Since impurities, such as amorphous carbon and a catalyst, are intermingled in the condition [ having 
manufactured ], as for a carbon nanotube, it is desirable to refine and remove these. However, as for this 
invention, the effectiveness is not restricted by existence of an impurity. <BR> [0092] Although 
hyperviscous dispersion liquid are adjusted by making said dispersion medium distribute a carbon nanotube, 
since the cohesive force between carbon nanotubes is strong, in the phase in early stages of [ distributed ] a 
carbon nanotube (field of the section A in graph ** or ** of drawing 1 ), it forces so that coagulation 
sedimentation may not arise, and stirring is desired, concrete — an ultrasonic disperser and stirring — a 
henchman — it is desirable to distribute with a powder machine, a stirring feather disperser, a shock mixer, a 
shaker, etc., and distributing especially by the ultrasonic disperser is desirable. As an output of a concrete 
ultrasonic disperser, it is desirable to carry out to more than 0.1 W per 1ml of said dispersion media, and it is 
more desirable to consider as the range which is 0.5-1 0W. 

[0093] On the occasion of preparation of said hyperviscous dispersion liquid, the improvement in 
dispersibility of a carbon nanotube can be planned and dispersants, such as a surfactant, can also be added to 
said dispersion medium if needed. Stirring a dispersion medium strongly as mentioned above, a carbon 
nanotube is added gradually and it goes. Then, as shown in graph ** or ** of drawing 1 , in a certain carbon 
nanotube concentration (the critical point X in drawing 1 ), the degree of a rise of viscosity becomes steep. 
When it continues adding a carbon nanotube then, dispersion liquid come to show high viscosity like the 
solution containing a polymer solution or a thickener. The dispersion liquid of this condition are high 
concentration dispersion liquid told to this invention. 

[0094] As viscosity of high concentration dispersion liquid, since it changes sharply with the viscosity of the 
class, the die length and the size of a carbon nanotube, and the dispersion medium itself etc., a desirable 
value is chosen suitably. Moreover, the critical point X is sharply changed according to these conditions. For 
example, when SWNT of die length of 5 micrometers and 4nm of sizes is distributed as an average, using 
water as a dispersion medium, it is with a carbon nanotube concentration of 1-1 Og [/l. ] within the limits 
extent, as viscosity of high concentration dispersion liquid, as for the critical point X, it is desirable that they 
are 0.001 or more Pa-S, and it is more desirable [ the critical point ] that it is the range of 0.002 - 0.02 Pa-S. 
However, since the network of a carbon nanotube is formed with lower viscosity when a longer carbon 
nanotube is used, the desirable viscosity range serves as a quite low value. When the amount-used fall of a 
carbon nanotube is especially taken into consideration, considering as low viscosity is desirable, a good 
network being formed. Moreover, also when transparency (after-mentioned) is required of the carbon 
nanotube structure, to consider as low viscosity is desired. To the amount-used fall of a carbon nanotube, or 
a demand of transparency, the viscosity of a hyperviscous dispersion medium is stopped low, and also it is 
effective to add a dispersion medium, after making the network of a carbon nanotube once form, and to 
lower concentration. 

[0095] In other words, the quantity of the carbon nanotube in the carbon nanotube structure manufactured is 
controllable by adjusting the concentration of the carbon nanotube in said hyperviscous dispersion liquid. 
That is, what is necessary is just to raise the concentration of the carbon nanotube in said hyperviscous 
dispersion liquid to form the network where the consistency which consists of many carbon nanotubes in the 
carbon nanotube structure manufactured is high. On the contrary, what is necessary is just to lower the 
concentration of the carbon nanotube in said hyperviscous dispersion liquid to form the network where the 
consistency which consists of a small number of carbon nanotube in the carbon nanotube structure 
manufactured is low. In order to lower the concentration of a carbon nanotube, after preparing the thing of 
once high concentration, it is desirable to add a dispersion medium and to lower concentration. 
[0096] Said hyperviscous dispersion liquid can also be made to distribute the body of further others, the 
inside of the carbon nanotube structure finally obtained by distributing these other bodies — said — others — 
a body is intermingled - it can make - being concerned - others - the function according to an objective 
function can be given to the carbon nanotube structure. 

[0097] When what does not do effect electrically or magnetically is used as a body besides the above, it can 
be made to function as a spacer, namely, the gap of the network of the carbon nanotube formed into high 
concentration dispersion liquid — said — others — although the opening formed among carbon nanotubes is 
contracted when a dispersion medium is removed and the carbon nanotube structure is obtained by 
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arranging a body — the opening concerned — said — others — if the body is arranged, it can function as a 
spacer and the distance of the opening formed among carbon nanotubes can be maintained. 
[0098] As other bodies which have said spacer- function, there is especially no limit, for example, a particle, 
fiber, a crystal, floe, etc. are mentioned. As a particle available as other bodies which have said spacer- 
function, the quality of a composite including inorganic substances, such as the organic substance, such as a 
polymer, and a ceramic metallurgy group, or the both sides of those etc. is mentioned. Moreover, also in 
what is manufactured by being broken by grinding, what is controlled and manufactured can both use 
magnitude according to the purpose by controlling physically or chemically, as fiber available as other 
bodies which have said spacer-function, the fiber of living bodies, such as yarn of natural fiber, such as 
synthetic fibers, such as polyester and nylon, and cotton, and **, etc. is mentioned. 
[0099] The thing of the internal structure with which a detailed molecule and a detailed atom, and the 
particle were filled up as a crystal available as other bodies which have said spacer-function, the thing of 
structure arranged regularly are mentioned. A metallic crystal, a nonmetal crystal, ionic crystal, a molecular 
crystal, a particle crystal, etc. are mentioned, and if it may exist in stability at a nature, specifically, it can 
use. 

[0100] Although amorphous one which the atom condensed, the molecule floe which the molecule 
condensed, the particle floe which the particle condensed, the compound floe which two or more of those 
kinds condensed, etc. are mentioned as floe available as other bodies which has said spacer-function, these 
are in the condition in which a detailed molecule and a detailed atom, and particles gathered, and an internal 
array regulation cannot be specified. 

[0101] As a configuration of other bodies of having said spacer- function, the thing of various configurations 
is chosen for the purpose of structure control of the carbon nanotube structure which it is going to obtain. 
The producible microbody made from a polymer is easily desirable in the thing of various configurations. It 
is easily available from a commercial scene especially, and it is desirable to use the microbody made from a 
latex which is easy to control the magnitude and configuration. Since the microbody made from a latex is 
what compounds chemically and is manufactured, when it is easy to carry out surface qualification 
chemically and considers as the carbon nanotube structure, it also has the merit of being easy to control in a 
desired property. 

[0102] As a polymer in the microbody made from a polymer, various thermoplastics, thermosetting resin, a 
photo-setting resin, etc. can be mentioned. As other bodies which have said spacer-function, it is possible to 
take various configurations like the above, and although various configurations can be chosen since it is 
structure control of the carbon nanotube structure, in order to consider as the configuration which a carbon 
nanotube cannot fix easily, it is desirable that it is a globular form. 

[0103] Although what is necessary is for there to be especially no limit and just to choose suitably as a ball 
equivalent pitch diameter of other bodies which have said spacer- function according to the purpose, it is 
desirable that it is [ lOnm or more ] 1000 micrometers or less in general, it is more desirable that it is [ 20nm 
or more ] 100 micrometers or less, and it is still more desirable that it is [ 50nm or more ] 10 micrometers or 
less. 

[0104] On the other hand, as a body besides the above, when what has functionality (for example, functional 
molecule) is used, the function according to the function concerned can be given to the carbon nanotube 
structure, such as participating in electrical conductivity and/or magnetic properties. Various functions can 
be given to the carbon nanotube structure obtained by arranging other bodies which have said functionality a 
gap and/or near said both carbon nanotubes, and structuring them. 

[0105] As other bodies which have said functionality, a molecule, an organization, etc. which were extracted 
from an atom, a molecule, ion, the particle, the polymer, and the organism are mentioned, for example, and 
what has properties, such as insulation, conductivity, semi-conductivity (it considers as a concept including 
both a semi-conductor property and an electric resistance property.), extinction nature, the luminescence, 
color enhancement, elasticity, generation-of-electrical-energy nature, and light-sensitive, is mentioned as the 
property. These properties may change with temperature, humidity, or controlled atmospheres. 
[0106] Moreover, a functional molecule, a functional particle, etc. may have the designed function. In recent 
years, many semi-conductor properties are found out by many of molecules and particles, and a switching 
function, a memory, etc. can be given to the contact part or condensation part of a carbon nanotube. 
[0107] The molecule which has the bias of a charge in the interior of a molecule as a functional molecule is 
desirable, and the molecular assembly operated by the set of the molecule which combined molecular 
species with charge supply nature and molecular species with charge receptiveness, the molecule which 
combined the molecular species which has charge supply nature or charge receptiveness in a symmetrical 
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molecule, the macromolecule which consists of those repeats, or these molecules is mentioned. In addition, 
an electron affinity and the value of ionization potential can define the above-mentioned charge supply 
nature and charge receptiveness. Moreover, biomolecules, such as DNA and a collagen, or the artificial 
molecule copied to the living body may be used, and it becomes possible to add a function similar to a living 
body. 

[0108] The vesicle and ceramics which consist of the organism of carbon atoms, such as metallic-oxide 
particles, such as metal particles, such as gold, and Zn02, Ti02, an intermetallic-compound particle which 
consists of an alloy, and fullerene, the derivative of fullerene, a polymer particle, the micell structure in a 
solution, a colloidal particle, and a lipid as a functional particle, DIN DORIMA, etc. are mentioned, and 
what processed to those complex or them according to the application can be used. 

[0109] For example, when a golden nano particle is used as a functional particle, a property improvement of 
the conductive network by the carbon nanotube can be aimed at. Adding is desirable after the particle as a 
functional molecule or a functional particle prepares hyperviscous dispersion liquid by the carbon nanotube 
and the dispersion medium. Since a functional molecule and a functional particle are very small, they are 
difficult to handle, and it is desirable to design by qualification by the chemistry functional group etc., about 
the exact arrangement, so that arrangement suitable in mutual recognition can be taken. 
[01 10] As other bodies which have said functionality, at least the part can be arranged in the gap between 
carbon nano tubes. By making it arrange in the gap between carbon nanotubes, it succeeds in grant of the 
functionality like previous statement appropriately. At this time, it is also a desirable mode that some other 
bodies [ at least ] which have said functionality have the bridge formation function which carries out pons 
delivery of both carbon nanotubes. By namely, the thing done for pons delivery of both carbon nanotubes 
with other bodies which have said functionality Can make the structure of a carbon nanotube into the 
condition of having resembled the one molecular structure as a whole, and functionality as stated above is 
given at a dimension high as a whole, and also by the bridge formation function which other bodies which 
have said functionality have Both the carbon nanotubes structured and arranged can be bound and the 
carbon nanotube structure can be firmly fixed as the structure. 

[0111] What is necessary is just the atom which has two or more parts of a property join to a carbon 
nanotube about a bridge formation function, and it is hard coming to separate, a molecule, ion, a particle, 
and fiber. It is more desirable when it processes to the carbon nanotube itself. For example, although it will 
become the carbon nanotube which has a carbonyl group (COOH) if a carbon nanotube is processed with a 
s strong acid solution, a bridge can be made to construct easily with the molecule which contains carbonyl 
groups, such as a hydroxyl group (OH), an amino group (NH2), and a sulfhydryl group (SH), and the 
functional group which is easy to react in this case. 

[0112] Moreover, the carbon nanotube containing water-soluble functional groups, such as this carbonyl 
group, is made into an ionized state in a water solution, and can introduce the structure of cross linkage with 
the ion of many **. For example, to the condition (COO-) of having made the carboxylic acid ionizing, the 
ion of many **, such as calcium ion (calcium2+), magnesium ion (Mg2+), and aluminum ion 
(aluminum3+), can be used. 

[01 13] Although a hyperviscous dispersion medium is obtained as mentioned above, since the carbon 
structures other than carbon nanotubes, such as a catalyst metal and amorphous carbon, etc. are contained in 
a carbon nanotube in many cases, it is desirable to carry out elution of the catalyst metal by strong acid 
processing, or to remove the carbon structures other than nanotubes, such as amorphous carbon, with 
electrophoresis, a chromatography, etc. 

[0114] From the hyperviscous dispersion liquid obtained as mentioned above, by removing said dispersion 
medium, the network which includes an electric and/or magnetic connection condition between carbon 
nanotubes is made to form, and the carbon nanotube structure is manufactured. It is carried out by a 
centrifugal force's etc. removing a dispersion medium physically, or evaporating a dispersion medium by 
heating or leaving it as the removal approach of said dispersion medium. 

[01 15] Said dispersion medium is in the condition of having made the predetermined capture part 
contacting, or is in the condition of having made the part which the carbon nanotube structure does not fix 
contacting, and is removed. Here, after a "capture part" removes said dispersion medium from said 
hyperviscous dispersion liquid, the part of almost all bodies which says the part of the body which has the 
property in which the carbon nanotube structure fixes and is captured, and has not processed it especially so 
that the carbon nanotube structure may not fix can turn into a capture part. In order to fix where the inner 
bottom of said container is covered with a carbon nanotube when said dispersion medium is specifically 
removed, where said hyperviscous dispersion liquid are held in a certain container, it is considered that the 
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inner bottom concerned is a capture part. Moreover, in calling it "a predetermined capture part", it points out 
the part of a body [ a body ] to make it fix the carbon nanotube structure. 

[0116] As said capture part, it can consider, for example as a flat-surface substrate. The carbon nanotube 
structure of this invention can be used as a carbon nanotube device by making a flat-surface substrate fix the 
carbon nanotube structure of this invention, for example, preparing an electrode in the carbon nanotube 
structure both ends of this invention, and performing various wiring. The term of the <carbon nanotube 
structure> explains the mode of a concrete carbon nanotube device. 

[0117] Especially as an approach of contacting said dispersion medium to a predetermined capture part, it is 
not limited but each general method of application can be applied. As the applicable method of application, 
a spin coat, a DIP coat, a curtain coat, a roll coat, brush coating, a spray coat, etc. are mentioned, for 
example. Especially the spin coat where it is easy to obtain the carbon nanotube structure of the shape of a 
homogeneous thin film especially is desirable. 

[0118] Moreover, said hyperviscous dispersion liquid are kicked in a sink to a predetermined capture part 
(in this invention, after applying with the usual means, such as a DIP coat besides in the case of kicking said 
hyperviscous dispersion liquid in a sink literally, also when you make it said hyperviscous dispersion liquid 
flow from a capture part, suppose that it includes in the concept of "pass and write".). In addition, there is no 
need of not necessarily giving the inclination to the capture part to gravity that what is necessary is just to 
make it said unnecessary hyperviscous dispersion liquid flow from a capture part. It is things, and a capture 
part can also be passed, contacting said hyperviscous dispersion liquid to a predetermined capture part. In 
this case, since the network of a carbon nanotube is formed into said hyperviscous dispersion medium, as 
long as a sink or the rate to kick is seldom enlarged, according to a sink or the direction of a beam, a 
predetermined capture part can be made to be able to fix and the carbon nanotube structure can be formed 
(as long as whenever [ tilt-angle / of a monotonous substrate ] is seldom enlarged too much). 
[0119] Including the path structure which contacts hyperviscous dispersion liquid to said capture part, said 
capture part can be made to be able to contact by passing said hyperviscous dispersion liquid to said path 
structure, and a carbon nanotube can also be arranged in accordance with said path structure. In this case, if 
it considers as the configuration of a request of said path structure, the carbon nanotube structure by which 
the network of a carbon nanotube was formed in the desired configuration can be formed. 
[0120] As said path structure, two modes, (1) and (2), can be mentioned below, for example. 
(1) Form said path structure by preparing a crevice or heights on a flat-surface substrate. After establishing 
the physical configuration of a crevice or heights on a flat-surface substrate, if said hyperviscous dispersion 
liquid are kicked in a sink, said hyperviscous dispersion liquid will flow into the crevice on said flat-surface 
substrate itself, or the crevice formed between heights, and it will pass. That is, if the path structure is 
formed by carrying out patterning of a crevice or the heights suitably, said hyperviscous dispersion liquid 
will pass the path structure concerned, and will go, and a carbon nanotube will be arranged in accordance 
with the path structure concerned. 

[0121] The case where a crevice or heights is prepared on a flat- surface substrate is explained using 
drawing. Drawing 3 is a perspective view showing the condition that patterning of the crevice 4 is carried 
out and the path structure is established on the flat-surface substrate 2. On this flat-surface substrate 2, if a 
hyperviscous solution is kicked in a sink in the arrow-head 6 direction, said hyperviscous dispersion liquid 
will flow into the crevice 4 used as a path structure, and it will flow and pass in the arrow-head 8 direction. 
A carbon nanotube is arranged along the crevice 4 used as a path structure by this passage, and the carbon 
nanotube structure in which the network of a carbon nanotube was formed is formed. 
[0122] Moreover, drawing 4 (a) is a perspective view showing the condition that patterning of the flat- 
surface substrate 12 convex section 10 is carried out, and the path structure is established. If a hyperviscous 
solution is kicked in a sink from the direction of arbitration on this flat-surface substrate 12, this 
hyperviscous solution will be passed colliding with heights 10. As shown in drawing 5 , when each carbon 
nanotube 14 in a hyperviscous solution runs in the arrow-head 16 direction at this time, when it collides with 
heights 10, it is caught in this, and the whole network of a carbon nanotube piles up here. Therefore, as it is 
caught in heights 10, the carbon nanotube structure is formed. In this case, the rate which kicks a 
hyperviscous solution in a sink is come size, and a comb can also form the carbon nanotube structure in 
accordance with a path structure, as a carbon nanotube is caught in heights 10 (even if it enlarges whenever 
[ tilt-angle / of a monotonous substrate ]). 

[0123] In this mode, patterning of heights 10 can be suitably chosen, as shown in drawing 4 (b) or drawin g 4 
(c), and the carbon nanotube structure according to that patterning can also be formed. Patterning of drawing 
4 (b) is the example which has arranged heights 10 in serial and vacated to some extent between the train. In 
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this case, the configuration of the carbon nanotube structure obtained is controllable with the direction 
which kicks a hyperviscous solution in a sink. 

[0124] Patterning of drawing 4 (c) is the example which changed the consistency of heights 10 by the 
location. In this case, the carbon nanotube structure with a more high carbon nanotube consistency can be 
formed in the part where the consistency of heights 10 is high. As heights 10, in case a substrate is 
produced, heights may be formed in a front face and it can also form in coincidence by making the body 
which can serve as heights, for example, a particle, adhere to a flat-surface substrate. 
[0125] As spacing between crevices (the crevice formed between heights is included) prepared on a flat- 
surface substrate, if shorter than the die length of the thing of a carbon nanotube or the shape of its bundle, it 
will come to be efficiently caught by concavo-convex structure. As well as the time of using the 
hyperviscous dispersion liquid of high concentration when the hyperviscous dispersion liquid diluted very 
much at this time are used, a carbon nanotube can be made to deposit by repeat collision, and high electrical 
conductivity can be given. 

[0126] As a configuration of a crevice or heights, the structure where a carbon nanotube could be caught 
should be formed intentionally. For example, if the character type heights 20 of KO are formed like drawin g 
6 (a), the carbon nanotube structure by which the carbon nanotube 24 was caught the sink or beam case by 
the part inside [ character type ] KO of heights 20 in the hyperviscous solution which includes the network 
of a carbon nanotube 24 from arrow-head 1 8 direction can be formed. Moreover, if the character type 
heights 30 of NI are formed like drawing 6 (b), the rate of flow [ in / a sink or beam case / for the 
hyperviscous solution which includes the network of a carbon nanotube 34 from arrow-head 28 direction / 
the character type gap of NI of heights 30 ] becomes slow, and the carbon nanotube structure by which the 
carbon nanotube 34 was caught here can be formed. If this effectiveness is applied, it is also possible to 
produce the electronic circuitry which considered the carbon nanotube as wiring. 

[0127] Furthermore, it will be in the condition that a carbon nanotube exists in the crevice of a flat-surface 
substrate front face itself, or the crevice formed between heights if the structure of a crevice or heights is 
shown in a flat-surface substrate front face, and even if a carbon nanotube will be in the condition that 
adjoining heights covered, and it grinds according to a certain factor or it is scratched, the carbon nanotube 
structure is no longer destroyed and industrial utility value is high [ a carbon nanotube ]. 
[0128] Thus, the crevice of a flat-surface substrate front face itself or the crevice formed between heights 
can be used as a path structure which a hyperviscous dispersion medium passes, and can produce an electric 
conduction path only into the part which the hyperviscous dispersion medium passed. In addition, if the so- 
called stamping soaked in hyperviscous dispersion liquid is performed so that hyperviscous dispersion liquid 
may be contacted to the heights formed between crevices, or the heights itself when a crevice or heights is 
formed in a flat-surface substrate front face, these heights can be made into a capture part and the carbon 
nanotube structure can also be fixed to the heights concerned. 

[0129] (2) Form said path structure on a flat-surface substrate by carrying out patterning of the flat-surface 
substrate top to the surface state from which lyophilic [ over said dispersion medium ] differs. After carrying 
out patterning of the flat-surface substrate top to the surface state from which lyophilic [ over said dispersion 
medium ] differs, if said hyperviscous dispersion liquid are kicked in a sink, the carbon nanotube in said 
hyperviscous dispersion liquid will tend to remain in a lyophilic high part, and it will be hard coming to 
remain in a lyophilic low part on a flat-surface substrate. "Lyophilic [ over said dispersion medium ]" points 
out the thing of the ease of getting used with said dispersion medium, and when said dispersion medium is 
water, it means the thing of a hydrophilic property here. That is, when a drainage system medium is used as 
a dispersion medium, the carbon nanotube structure of a desired configuration can be formed by carrying 
out patterning of the part of a hydrophilic property, and the hydrophobic part to a desired configuration. 
[0130] Lyophilic adjustment can be performed by carrying out patterning of the processing to which 
familiarity by said dispersion medium worsens at this using a lyophilic high flat-surface substrate, or 
carrying out patterning of the processing familiarity by said dispersion medium raises lyophilic to this 
conversely using a bad flat-surface substrate etc. Of course, both processings are good in a line. Especially 
as the technique of these processings, it is not limited but all well-known approaches can be adopted 
conventionally. For example, when using a drainage system medium as said dispersion medium, well- 
known water-repellent treatment and hydrophilization processing can be conventionally adopted without a 
problem. 

[0131] In this example, fundamentally, the carbon nanotube structure is formed in a lyophilic high part, and 
it is not formed in a lyophilic low part. However, when lyophilic high spacing between parts which adjoins 
across a lyophilic low part is shorter than the die length of 1 of a carbon nanotube, or the bundle of a carbon 
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nanotube, it can form the carbon nanotube structure also in a middle lyophilic low part according to an 
operation of a lyophilic high part. 

[0132] As said capture part, what has arranged the metal of the shape of the shape of a particle and film can 
be mentioned on a flat-surface substrate. On a flat-surface substrate, when the particle-like metal has been 
arranged, if said hyperviscous dispersion liquid are kicked in a sink, the carbon nanotube which collided 
with the particle-like metal will be caught. Moreover, when the film-like metal has been arranged on a flat- 
surface substrate, if said hyperviscous dispersion liquid are kicked in a sink, since a metal is [ lyophilic 
(especially hydrophilic property) ] expensive, if the front face of lyophilic on the flat-surface substrate 
except having been arranged except a metal is low, the carbon nanotube in said hyperviscous dispersion 
liquid will tend to remain only in the part of a film-like metal, namely, the former — the voice of (1) as 
stated above — the latter [ like ] — the voice of (2) as stated above — each [ like ] — it can be said to be a 
modification. 

[0133] Moreover, if the front face on the flat- surface substrate except having been arranged except a metal 
also raises lyophilic, the carbon nanotube structure can be formed all over a flat-surface substrate front face, 
and the gap of ** between said particles and said film can also be connected between [ of the metal by 
which patterning was carried out ] particles, between [ of the metal by which patterning was carried out ] 
film, and to a pan electrically and/or magnetically by the network of said carbon nanotube structure. 
[0134] According to enlarging size at this time, for example, metaled concavo-convex structure, and setting 
up that distribution density highly, even if the carbon nanotube structure is the same structure, the complex 
of the carbon nanotube and metal which are obtained comes to show the high electrical and electric 
equipment and/or magnetic conduction. Moreover, if said size is conversely made small or the distribution 
density is made low, these complex comes to show low electric conduction. 

[0135] Drawing 7 (a) forms a metal membrane 44 all over the flat-surface substrate 42 (one side), and 
drawing 7 (b) forms a metal membrane 54 in the front face (one side) of the flat-surface substrate 52 in the 
shape of stripes. In addition, especially as an usable metal, although not limited, semi-conductors, such as a 
metal in which high electrical conductivity, such as gold useful as electric wiring, silver, copper, platinum, 
nickel, aluminum, and titanium, is shown, for example, these alloys or the silicon in which it is doped and 
high electrical conductivity is shown, and germanium, etc. can be mentioned. Furthermore, since what was 
doped to a molecular crystal, an electrical conductivity macromolecule or an electron donor acceptor 
complex, and them has high electrical conductivity, it can use. 

[0136] As mentioned above, although the manufacture approach of the carbon nanotube structure has been 
explained focusing on the mode which forms the carbon nanotube structure in a predetermined capture part, 
like previous statement, in this invention, it is in the condition of having contacted said hyperviscous 
dispersion liquid to the part (it only being hereafter called "a non-fixing part") which the carbon nanotube 
structure does not fix, and said dispersion medium may be removed. In this case, the carbon nanotube 
structure does not fix in a non-fixing part, but is formed in it in the condition of having only appeared. 
Therefore, in the condition of having fixed to the substrate etc., the simple substance of the carbon nanotube 
structure which is not can be obtained. That familiarity by said dispersion medium should just consider as 
the bad surface state, when a drainage system medium is used as said dispersion medium, let a non-fixing 
part be a hydrophobic front face. What is necessary is just to give well-known water-repellent treatment 
conventionally, in order to consider as a hydrophobic front face. 

[0137] The carbon nanotube structure manufactured by the manufacture approach of the carbon nanotube 
structure explained more than the <carbon nanotube structure> is explained including the carbon nanotube 
device which is the use mode. First, the preparation approach of the hyperviscous dispersion liquid W used 
in each following operation gestalt is explained. 

[0138] The carbon nanotube was gradually added using the water solution which added 0.0 lg of sodium 
dodecyl sulfate to 1 0ml of water as a dispersion medium, stirring 1 0ml of these dispersion mediums by the 
ultrasonic disperser (output 1 1 W). The used carbon nanotube is SWNT and the thing with 4nm [ of average 
sizes ] and an average die length of 5 micrometers was used for it. 

[0139] Although dispersion-liquid viscosity also rose according to the amount when the carbon nanotube 
was added and it went, in the carbon nanotube concentration equivalent to the critical point X in drawing 1 , 
the viscosity of dispersion liquid came to rise rapidly. This was checked by the measurement of viscosity 
(rate of the dispersion medium which flows a capillary tube) which used the ubellohde ? s viscosimeter in the 
inside of about 20-degree C constant temperature bath. Stirring was continued, the carbon nanotube was 
added further and carbon nanotube concentration was carried out in 2g/l. Thus, viscosity prepared the 
hyperviscous dispersion liquid W of about 2 mPa-s. 
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[0140] (1st operation gestalt) Drawing 8 is the ** type perspective view showing the 1st operation gestalt of 
the carbon nanotube structure of this invention. The carbon nanotube structure 68 of the front face of the 
flat-surface substrate 62 which becomes the whole surface from a carbon nanotube 64 mostly has fixed. The 
carbon nanotube 64 with a die length of several micrometers - dozens of micrometers contacts each other 
mutually, and the conductive network by the carbon nanotube 64 is formed. Therefore, conductivity is given 
to the front face of the flat-surface substrate 62. The electron microscope photograph (30000 times) of the 
carbon nanotube structure 68 of this operation gestalt is shown in drawing 9 . In addition, some errors have 
produced the scale factor of a photograph with extent of the enlargement of a photograph. The carbon 
nanotube structure 68 of this operation gestalt applies the hyperviscous dispersion medium W to the front 
face of the flat-surface substrate 62 with a spin coat, and is obtained by drying. 

[0141] When the ingredient of transparence is used like a glass plate, a mica plate, or a quartz plate as a flat- 
surface substrate 62, the transparency as the whole is very high. Although the technique of giving 
conductivity to a substrate front face is known by carbon coating metallurgy group vacuum evaporationo 
etc., since there is no need of covering with a carbon nanotube completely and it has the opening when the 
front face of the flat-surface substrate 62 is electric-conduction-ized by the carbon nanotube structure 68 like 
this operation gestalt, the permeability of light is very high when predetermined surface conductivity 
compares. 

[0142] Thus, the carbon nanotube structure 68 of this operation gestalt can be used as carbon nanotube 
devices, such as a conductive substrate and an electrode, and also it has an application as carbon nanotube 
devices, such as a transparent electrode and a transparence substrate. In this operation gestalt, by controlling 
the amount of bundles (size of a bundle) and network consistency (branching consistency) of a carbon 
nanotube, conductivity can be controlled freely and change of conductivity can be produced still more 
nearly locally. Therefore, it can use for the device which consists not only of single device-applications, 
such as LED, but of high density plurality, such as a display on which various processings are performed in 
a flat surface. 

[0143] Moreover, bodies other than a carbon nanotube may be made to be placed between between [ in a 
network / at least / a part of ] carbon nanotube 64 in this operation gestalt. By distributing bodies other than 
a carbon nanotube, the function according to the function of bodies other than the carbon nanotube 
concerned can be given to the carbon nanotube structure. As a function of bodies other than the carbon 
nanotube concerned, the function of participating in a spacer-function, electrical conductivity, and/or 
magnetic properties is mentioned, for example, as the body which has these functions — the term of the 
above <the manufacture approach of a carbon nanotube> — it is — "— others — what was mentioned as 
explanation of body" can use it as it is. 

[0144] What is necessary is just to add the body besides the above into hyperviscous dispersion liquid W, as 
the term of the above <the manufacture approach of a carbon nanotube> explained in order to make bodies 
other than a carbon nanotube intervene. After obtaining the carbon nanotube structure, moreover, a certain 
approach (For example, dropping the approach of exposing to the steam of matter, such as ** vacuum 
deposition, and the solution which contains the quality of the specified substance like ** dyeing) Or repeat 
the approach to the inside of the solution of ****(ing), and ** temperature, and rise descent is carried out. 
By the approach of accelerating and driving in the approach of making produce a detailed crack by the 
difference in a coefficient of thermal expansion, and making it permeate the part, ** electron, an atom, ion, 
a molecule, and a particle Bodies other than said carbon nanotube may be arranged a gap and/or near said 
both carbon nanotubes. 

[0145] When direct observation of the electric conduction of the carbon nanotube structure 68 was carried 
out about the carbon nanotube structure 68 of this operation gestalt by the current detection SPM by the 
probe which gave the metal coat (scanning probe microscope), it has checked that the whole was carrying 
out electric conduction. Furthermore, the electric conduction condition denser than the network structure of 
the nanotube which can be checked by SEM was able to be checked. 

[0146] Furthermore, the example of the carbon nanotube device using the carbon nanotube structure 68 of 
this operation gestalt is given to drawing 10 . The carbon nanotube device of drawing 10 prepares input 
terminal A [ 66 ]-66D and output terminal 66 A f - 66D* in the same drawing top both ends of the carbon 
nanotube structure 68 as drawing 8 . 

[0147] The input from either of the input terminals 66A-66D can many branch, and the carbon nanotube 
device of this operation gestalt can be used as a multi-branching device outputted from four of output 
terminal 66A f - 66D ! . Although a difference was not seen in early stages when the electrode arranged on 
both sides was made into plurality and having been confirmed about the value of the electric conduction 
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between input terminals 66A-66D and output terminal 66A f -66D ! When the electrical potential difference 
(5 V) was repeated and (10 times) impressed, the current value of the combination of the input/output 
terminal was able to be made to increase only to the combination (66B and 66C) of a specific input/output 
terminal. Since change was not looked at by the current value of the combination of other input/output 
terminals, it was checked that the main carbon nanotube networks which are participating in the electric 
conduction of the combination of said specific input/output terminal exist. 

[0148] Next, only about the combination (66B and 66C) of a specific input terminal, when the electrical 
potential difference (10V) was repeated and (10 times) impressed, the current value of the combination of 
the input terminal was able to be decreased. At this time, the increment in a current value has been checked 
in the combination (66C and 66A f ) of other input terminals. It was checked that an interaction is in the main 
carbon nanotube networks which are participating in the electric conduction of the combination of said 
specific input/output terminal, and the main carbon nanotube networks which are participating in the electric 
conduction of the combination of other input terminals. If the carbon nanotube device of this operation 
gestalt is applied, the learning function of the I/O device of many channels is realizable. 
[0149] In addition, other bodies which have functionality as stated above can be made to be able to 
incorporate, or an input signal can also be variously modulated by reforming the contact part of carbon 
nanotube 64 comrades. Moreover, an input signal can also be modulated by giving a magnetic field from the 
field of one side of the flat-surface substrate 62, or both sides. 

[0150] (2nd operation gestalt) Drawing 1 1 (a) is the ** type top view showing the 2nd operation gestalt of 
the carbon nanotube structure of this invention. The carbon nanotube structure 78 which becomes the front 
face of the predetermined flat-surface substrate 72 from a carbon nanotube 74 has fixed. With this operation 
gestalt, the carbon nanotube structure 78 by which the carbon nanotube 74 has been arranged along with 
desired patterning is formed. 

[0151] The carbon nanotube structure 78 of this operation gestalt is the following, and is made and 
manufactured. As a flat-surface substrate 72, using the ingredient of the hydrophilic property of a glass 
plate, a mica plate, etc., as shown in drawing 1 1 (b), it gives a water-repellent finish and a hydrophobic front 
face is formed in front faces other than patterning 76 in the flat-surface substrate 72 so that it may become 
the desired patterning 76. Then, only the part of patterning 76 serves as a hydrophilic front face. In addition, 
in this operation gestalt, processing by the silane coupling agent was performed as a water-repellent finish. 
[0152] If it kicks in a sink using hyperviscous dispersion liquid W using the drainage system medium as a 
dispersion medium to the flat-surface substrate which shows this to drawing 1 1 (b) by which patterning was 
carried out [ above-mentioned ], a carbon nanotube 74 will fix only to the patterning 76 which is a 
hydrophilic front face, and the carbon nanotube structure 78 of the configuration shown in drawing 1 1 (a) 
will be manufactured. Also in this operation gestalt, like the 1st operation gestalt, bodies other than a carbon 
nanotube may be made to intervene in the carbon nanotube structure 78, and two or more terminals may be 
prepared. 

[0153] Thus, according to this operation gestalt, the carbon nanotube structure by which patterning was 
carried out to the configuration of a request on a flat-surface substrate front face can be formed, a function 
as stated above can be added to the carbon nanotube structure as electric wiring itself, and it can use as a 
device. 

[0154] (3rd operation gestalt) Drawing 12 is the ** type perspective view showing the 3rd operation gestalt 
of the carbon nanotube structure of this invention. The heights 10 which consist of a golden particle 
prepared in the front face of the predetermined flat-surface substrate 12 are in the condition of having been 
joined by the carbon nanotube structure 88 which consists of a carbon nanotube 84. 

[0155] In the 3rd operation gestalt, first, as shown in drawing 4 (a), the heights 10 which consist of a gold 
grain were formed in the front face of the flat- surface substrate 12. 20nm of gold was vapor-deposited on the 
front face of the glass plate as a flat-surface substrate 12, it is the thing [ carrying out afterbaking 
processing ], and, specifically, the heights 10 of the golden particle distributed over island shape were 
formed. The spin coat of the hyperviscous dispersion medium W was carried out to this, it applied so that an 
island-shape golden particle might be connected and covered, and the carbon nanotube structure 88 was 
formed. In this operation gestalt, the heights 10 of the island-shape golden particle separated mutually 
electrically are electrically joined by the carbon nanotube structure 88. 

[0156] (4th operation gestalt) Drawing 13 is the type section Fig. showing the 4th operation gestalt of the 
carbon nanotube structure of this invention. It comes to prepare the carbon nanotube structure layer 98C as 
the carbon nanotube structure layer 98B same one by one on the front face of the insulating flat-surface 
substrate 92 as the 1 st operation gestalt, and same carbon nanotube structure layer 98 A, copper- 
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phthalocyanine vacuum evaporationo layer 96A (0. 1 micrometers) and the 1 st operation gestalt, copper- 
phthalocyanine vacuum evaporationo layer 96B (0.1 micrometers), and the 1st operation gestalt with the 
same carbon nanotube structure of this operation gestalt. 

[0157] The carbon nanotube structure of this operation gestalt is the following, and was made and 
manufactured. Carbon nanotube structure layer 98A was formed like the 1st operation gestalt to the glass 
insulating flat-surface substrate 92 which has arranged metal-electrode 94S in one side. Moreover, the 
copper phthalocyanine was vapor-deposited one by one, copper-phthalocyanine vacuum evaporationo layer 
96A was formed, carbon nanotube structure layer 98B was formed like the 1st operation gestalt, the copper 
phthalocyanine was vapor-deposited again, copper-phthalocyanine vacuum evaporationo layer 96B was 
formed, and carbon nanotube structure layer 98C was further formed like the 1st operation gestalt on it. The 
laminating structure of superposition, a carbon nanotube structure layer, and a phthalocyanine vacuum 
evaporationo layer was produced so that metal-electrode 94S and metal-electrode 94D might come glass 
insulating flat-surface substrate 92 f which has arranged metal-electrode 94D in one side at the edge of the 
opposite side on carbon nanotube structure layer 98C (inter-electrode distance of 5mm). 
[0158] The obtained laminating structure was able to show electrical conductivity (1 M omega-m) lower 
than the electrical conductivity (O.OOlohmandm) of the carbon nanotube structure of three layers which does 
not contain a phthalocyanine, and was able to check the electric conduction of the carbon nanotube structure 
contained in a different carbon nanotube structure layer through the phthalocyanine vacuum evaporationo 
layer. 

[0159] Furthermore, as shown in drawing 14 , as a substrate, from the glass insulating flat-surface substrate 
92, it replaced with the silicon wafer with an insulating oxide film, and the same laminating structure was 
produced. Furthermore, about this laminating structure, gate electrode 94G were prepared in the substrate 
side, and the carbon nanotube device was produced. Actuation of a field-effect transistor was checked by 
impressing an electrical potential difference to gate electrode 94G, and measuring the source-drain current 
between [ 94S and 94D ] metal electrodes. Since this device contained a phthalocyanine layer, the layer 
showed the semi-conductor property and it has checked the increment in the amount of currents by 
impression of an electrical potential difference. 

[0160] (5th operation gestalt) Drawing 15 is the ** type decomposition perspective view showing the 5th 
operation gestalt of the carbon nanotube device of this invention. The carbon nanotube device of this 
operation gestalt On the front face of 1st transparence substrate 100A (500 micrometers), the carbon 
nanotube structure layer 108 A same one by one as the 1st operation gestalt, It comes to prepare same carbon 
nanotube structure layer 108as electronic transportation layer 110 (0.2 micrometers), luminous layer 106 
(0.05 micrometers), electron hole transportation layer 104 (0.2 micrometers), and 1st operation gestalt B, 
and 2nd transparence substrate 100B (500 micrometers). The carbon nanotube device of this operation 
gestalt discovers the function of laminating diode. 

[0161] The detail of each class is explained. Quartz glass was used as 1st transparence substrate 100A and 
2nd transparence substrate 100B. However, this invention is not especially specified to this, but the 
transparence plate which consists of various ingredients, such as soda glass, sapphire, a mica, and an acrylic, 
can be used. 

[0162] As an electronic transportation layer 110, the spin coat of the solution of OKISA diazo-RU (PBD) is 
carried out, and membranes are formed. However, especially in this invention, it is not limited to this but 
what consists of various ingredients used as an electronic transportation layer in fields, such as 
electrophotography, a diode component, an LED component, an EL element, and a transistor component, 
can be applied. 

[0163] As a luminous layer 106, the spin coat of the solution of tris (8-hydroxy kino RINORA) aluminum 
comp lek (A1Q3) is carried out, and membranes are formed. However, especially in this invention, it is not 
limited to this but what consists of various ingredients made into a luminous layer in fields, such as an LED 
component, an EL element, and semiconductor laser, can be applied. 

[0164] As an electron hole transportation layer 104, the spin coat of the N and N 1 screw (3-methylphenyl) N 
and the solution of the N 'diphenyl (1 and l f biphenyl) 4 and 4' diamine (TPD) is carried out, and 
membranes are formed. However, especially in this invention, it is not limited to this but what consists of 
various ingredients used as an electron hole transportation layer in fields, such as electrophotography, a 
diode component, an LED component, an EL element, and a transistor component, can be applied. 
[0165] Thus, when the electrical potential difference (10V) was impressed between carbon nanotube 
structure layer 108 A of the obtained carbon nanotube device, and 108B, luminescence was checked from 
both sides of the device concerned. 
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[0166] In the above-mentioned carbon nanotube device, in 1st transparence substrate 100A and carbon 
nanotube structure layer 108 A, and a list, 2nd transparence substrate 100B and carbon nanotube structure 
layer 108B were replaced with the transparent electrode (the ITO thin film according to magnetron 
sputtering to quartz glass: 1 .4x10-4 ohm-cm) marketed, and the device for a comparison was manufactured. 
Also in the device for this comparison, although luminescence was checked when the electrical potential 
difference was impressed similarly, compared with this, it was checked that the direction of the carbon 
nanotube device of said this example has high brightness, and the carbon nanotube structure of this 
invention is useful as a transparent electrode. 

[0167] (6th operation gestalt) Drawing 16 is the type section Fig. showing the 6th operation gestalt of the 
carbon nanotube device of this invention. The carbon nanotube device of this operation gestalt forms 
Terminals 126A and 126B in the configuration of the carbon nanotube structure of the 1st operation gestalt, 
and it comes further to distribute the illuminant child (molecule which emits light by impression of an 
electrical potential difference) 122 in the network of the carbon nanotube structure 68. 
[0168] The carbon nanotube device of this operation gestalt is dipping what formed Terminals 126 A and 
126B in the configuration of the carbon nanotube structure of the 1st operation gestalt in the solution of the 
following presentation with which the illuminant child's 1 22 was distributed, and infiltrates the illuminant 
child 122 into the carbon nanotube structure 68. 

[0169] - Presentation - and carbon tetrachloride of a solution: 100ml toluene: 20ml tris (8-hydroxy kino 
RINORA) aluminum comp lek (A1Q3) : lg [0170] In the obtained carbon nanotube device, although the 
electric resistance of the carbon nanotube structure 68 became high, when the electrical potential difference 
beyond a certain electrical-potential-difference threshold (5.5V) was impressed, luminescence of the carbon 
nanotube structure 68 has been checked. The fluorescence microscope of a handstand mold was used for 
observation. It has suggested that the illuminant child 122 is inserted in the gap between carbon nanotube 
structure 68, an electrical potential difference is transmitted through the carbon nanotube 64 which has the 
electrical potential difference impressed to the carbon nanotube structure 68 in each part of the carbon 
nanotube structure 68, and this shows that the electrical potential difference has been impressed to the 
illuminant child 122. Thus, according to the carbon nanotube structure of this invention, the molecular 
device by carbon nanotube wiring was realizable. 

[0171] (7th operation gestalt) Drawing 17 is the ** type decomposition perspective view showing the 7th 
operation gestalt of the carbon nanotube device of this invention. The carbon nanotube device of this 
operation gestalt The flat-surface substrate 132 with which input terminalA [ 134 ]-134D and output 
terminal 134A 1 - 134D' was prepared in both ends, To the field in which these terminals were prepared, one 
by one Carbon nanotube structure layer 138 A, It comes to form 1st functional organic thin film layer 136A, 
carbon nanotube structure layer 138B, 2nd functional organic thin film layer 136B, carbon nanotube 
structure layer 138C, 3rd functional organic thin film layer 136C, and carbon nanotube structure layer 138D. 

[0172] The detail of each class is explained. Quartz glass was used for the flat-surface substrate 132. The 
carbon nanotube structure layers 138A-138D produce the dispersion liquid which added water and were 
diluted 3.5 times, 3 times, 2.5 times, and twice, respectively by using said high concentration dispersion 
liquid W (carbon nanotube concentration : 2g/(l.)) as an undiluted solution, and these dispersion liquid are 
used for them in this order, and they form each layer of 138A, 138B, 138C, and 138D with a spin coat. 
[0173] The 1st and 2nd functional organic thin film layers 136A and 136B form a 0.2-micrometer thin film 
with a spin coat using the solution which dissolved PMMA polymer lmg in acetonitrile 10ml. In addition, it 
heated at 120 degrees C after the spin coat out of the thin film for the purpose of removal of the acetonitrile 
which is a residual solvent, and improvement in adhesion with the carbon nanotube structure. 
[0174] In addition, when the current characteristic when a functional organic thin film layer adds the time 
only of the 1st layer (136A) and the 2nd layer (136B) was compared, the increment in a current value was 
checked in the combination of some input/output terminals. It is shown that the part between networks has 
joined this in electromagnetism through PMMA which is the organic stratum functionale, and it was shown 
that the high order network which it is not simply joined, and the whole network was partially separated by 
PMMA and has joined partially by it and which carries out signal transduction over multilayering has been 
formed. 

[0175] Furthermore the functional organic thin film layer was added, and the 3rd layer (3rd functional 
organic thin film layer 136C) was formed. The 3rd layer (136C) is the following, and was made and formed, 
azobenzene 2g — monochlorobenzene 100ml — it dissolved, and the spin coat was carried out to inside and 
the thin film was formed in it. The thickness of the obtained thin film was about lOOnm or less. The spin 
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coat was carried out still more nearly similarly and a total (the 3rd layer (136C)) of the 200nm film was 
formed. 

[0176] When incidence of the laser light was carried out to the carbon nanotube device of this operation 
gestalt which added the 3rd layer and was acquired from the upper part (it is the direction of a normal to a 
device flat surface) and the cis-trans transformation of an azobenzene molecule was made to guide, it was 
checked that the current value of the combination of a certain specific input/output channel fluctuates in 
connection with ON-OFF of laser radiation. Although it was it changeless having appeared in the current 
value of the combination of said input/output channel when the exposure location of laser light was 
changed, it was checked that the current value of other input/output channels fluctuates in connection with 
ON-OFF of laser radiation. That is, the device which can perform current control of the combination of the 
input/output channel of the arbitration connected to the network by the stimulus from the outside was 
realizable. 
[0177] 

[Effect of the Invention] According to this invention, it is easily obtained by the carbon nanotube structure 
and the list by which the network which includes an electric and/or magnetic connection condition between 
carbon nanotubes was formed in desired area and volume, and can provide them with the manufacture 
approach of the carbon nanotube structure with little amount of the carbon nanotube used. Moreover, 
according to this invention, the carbon nanotube device using the carbon nanotube structure useful such can 
be offered. 
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* NOTICES * 

iTPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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so mmt, WEiMR«©»tti:, »&n**-*>^y^ 
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[0 0 3 4] t&tts #f»fi«\ 

x\ - 7fflsfflfc«aw & * /* 

[0 0 3 5] < 2 > IKBESSttfi»»Slfc:, S ?>{cffi© 
***iMR**T*<ci:*waii:-r*< l >fcl3«© 
* -* y * j f- a -^m)gi*©S!ji73 ffir-fe £ 0 

[003 6] < 3 > HuIHK3teJ^^ftStf^^&. 

1 >SAc(±<2>fctB«0*-#>-fy^ 

[0037] < 4 > Miainnttt^ ¥®a«T'fe§ 

[003 8] < 5 > MfES^ft#iSttfr«fc$i:if 

WrttfcfS < 3 >$fcfi< 4 >K3B«o*-3j?>^y f- 
[0 039] < 6 > BufBgSfrlffjgtf, TffiSfetfcflft 

»6nfciaa5Sfctti!!ia5fc«to»fi8«nsc4:J&i$tsi: 

[0 0 4 0] < 7 > BuSBSSS^iiA^ MfB^^cft 

y-r^C ticX ^JSSttSC fc*«f*fc*S< 5>l: 
Tc < 6 > fcffi«o* - sp y / ?■ a - ^OIJittoSBt 

[0 0 4 1] < 8 > MEimH&ft ¥ffiffl£±(c*i 

«M»i:-rs<3>k:l2iio*-#y^/f-a-^«IJSi* 

[0042] < 9 > ffiEffittfitfttiSfcfcttaa-Ji? 
>*/f-a-7o^*9i8-rsci:fc:«fcoT, suss 

n 5 * - * y -f- J a - rfll Sift fc 43 it 5 ij - # y * y 
f-a-"/o»»*iW»-r*i:i:*«fai:-r«< l >~< 

8>ov^-fn*» i \cwm*-#y-)-;=}-*--7wm. 

[0 0 4 3] < 1 0 > fittSOiMIJ[«lc*-*>^/ 
7$iiftT*£>5 0 
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[0 0 4 4] < 1 1 > MfBiHttje^m^fC, £5>tcflS 

o*M*:*^ss[Eii*nTftscfc*«fafc-rs<i o> 

[00 4 5] <12> ME*-y bV~!?i)\ ffife<Dffi 
0>tfc(i<i i >lc$m<DJj-#yi- 

fto 

[0046] < 1 3 > smmmum\ wmm^.x$> 

10 5£t*¥rWLttZ<l 2>iC|B«0*-#>^y^a 
[ 0 0 4 7 ] < 1 4 > ffifflffi8Mffl#g&*N§£3' 

nxftscfc*«pai:r5< 1 2>src«< 1 3>tE 
m<D*>-$yi-s?3.-7®mwx*$>5o 
[0048] < 1 5> mdw&mmt>\ ¥®s«±k 

82^6nfc|Hia*fc(4a»{c«J:0«|«*nT!a:*C4:* 
ftT*&3o 

20 [0049] <i6> mm&ffifet>\ tibsymmtc 

1 4>*fc«<l 5>teE*W>#-#WV^a-7lS 
i§ftT*&3„ 

[0 0 5 0] < 1 7 > WgSJfSiaMl*^ ¥ffi»«±tc 

*W«4:"r«<l 2>fcIB«©*-#>'^y^a-7 , «i 
iiftT'fcSo 

[00 5 1] <18> MIB*-y h7-^4"0*-^y 

bT^scfc%wafc , rs< i o>~< 1 7>©^-rn 

[00 5 2] <19> m&*y bV-irftHDlj-Xy 

?a.-7):M<Dim&fttELX%;ZCL£ZftmtirZ< 
l o>~< l 8><D^ttxfr i icmmvij-tfyi-;?- 

a-TH^ftT^*,, 

[00 5 3] <20> HuSBA-^y-f/^a-7'W 

[0 0 5 4] <2 1> < 1 0>~<2 OXD^-ftlfr 
l lctm(Dti-tfyi-s?- 3L -7ffimfott<£tsc ttk® 

[0 0 5 5] <2 2> < 1 0>~<2 0><D^?tlfr 

yi-yf-a.-^mmwmn 1 . zmjL±mm-$t\x%z<i 
b*¥smtt%ii-#yi-y : f-3.--7T>U7,xhz> 0 

[00 5 6] <23> BuE£-#^V? L a-7'jffjg 
50 {MMB5lffl©'>a < 1 ©MIC, fflmtffttE LT& 
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[0057] <24> mmmmtfmm&vowtt^ 

-a$isi±tf, wimmmiiwzftLTnmitszxf/z 
tcim%.micmm-£tix%iz<itz¥fmt?z<z3> 

[0058] <25> m^-^yi-y^-a.-ym^ 
fcwp* < t *>-m\ mntmrnt Lxmmt s c t 

*¥f®t?Z><2 l >~<2 4>0^-fn^ l (ClE«(D 
[00 5 9] <26> HUlB^-^y^/^a-^^ 

ft®ttz><2 1 >~<2 5>©^-rn^ncie«<D* 

-$yi- y ? 3.~~7t>U 7,X°1b2> 0 
[00 60] <27> BffI2*-4-:>^/f-a-y«)i 

t&-m\ ?>u7,imt\,x®m-z>z. 

tZftmttZKZ 1 >~<2 6><D<,vfnfr 1 tClBit 

[006 1] <28> mk<D±i—$yf; 
?y?uzi&K^*y vv-titLtzii-iSyi- ; 1- 
*-7m%fot, m*-#yj-;?-3.-7mmwz3cft 
tzzmwt, m%mw±icmifib?imtt-#yi-y 

mm&M.iQtLxm^z&m<Dmmt, zmzzct* 

[0062] VL±<D*mmt, x-tfyi-;?-*--?* 

tz o x ti-^y-r / 9 a -7"&beh£ c t fx- 1 § 

[006 3] 

<*%w<Dim®m>%t. *%w<Dim®ffiic-D^x 

v'xfi< t, *<DmmicttmLxftm®<Di&mtf±m 
So m^fctLxti-xyi-/?-3.-7zm^rcm'& 

* y * a - 7iig t ftmmv&m. t ommm 

[0 0 6 4] LfrU *%W%<btt. t-tfyi-/?-* 

-■/(Dftmmic&^xit, *-$yi-;?-3.-7mmz 
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[0 0 6 5] cOItli, JXTOct^tclJiB^^nSo * 

<DW>hmw<DftWMtmms ti-^y-rjf-^-fim 

10 [0 0 6 6] LfrU y^-a-^tiifflfii/^ 

MPtf±#U ±)-$yi-S?*-7ffim£l<Dr$Mtf 

Sr^miSL ?%Jj-Xyi-S3-3i-7(Dft& 

[0 0 6 7] C<D»Ki^£3^ 
fi -if, y -r ; ^ a - 7* <D#ftJ±35CD&{c£gE $ ft3 & CO 

20 -rs„ -t&fc-^ c<D^ig«ffi^tsiijg^ 01 co 
^57 ®(c *5tt 5 x xh k> . mmttMtfmn l x 
^&ft&m(DttMtf&.mB<Dmmxh%o 

[0 0 6 8] C<D£ : ylcl)-7$yj-S?3.-7<Dmfg.%: 

±.mWs<t, )%w.ftim^xt>-iSyr;3-3.- 
7%^L ; t<DMMW®Ur3lcti-Xyi-;3-aL-7<Dm 

ftrmn*MlE%^t*-$yi-;i-*--7&imLtt 

30 iSLTLS^o t£Zt>\ S.fflB(Dffi®XlZ, 

^y^a-^^^t^cD^^ffisp^c^-^y^-/^ 

$yi-S?3.-7tf'tim?%zt%i<, ii—$.y-r;=f- 
[0 0 6 9] H<D^y hV—tBVili, M&XUmXh 

40 xft&m*(Dt>-$yi-; : ?-a.-7ffimz{&T2i*x 

8$n5o m KD-timmw??®^ ti-^y-ry 
* a - 7itjg* y s xmt^tzik, ftmmttma l t 

*-#yj-s?3.-7mm-ftmMte&mmx&o, z 
mB<Dffim*m%^®mmz<DftmmicttLx. ib^d 
XTTsznzftrcWs^KimzKto z(D£oic, -ie 

50 -fmmtti&Tz-ex&mittv bi-tmrnmn-g 
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ft, *n^Tfc«k*tt«©ftT«ii6ftsfc©©, mm 

[0 0 7 0] 01©?^7<2>{i, fti&Sftfc*- 

* 7 / a -7tiWm&B& L /£*§£© t, ©T*& 
0, *-#7^/?-a-7©*;*-iUffctf60*fffc 
*a^fctt, Hl©£*©^77®©J:9*IW**«i 

H«©«lfiltfJi&*U *-#7:*-7?-a-7itfi-#tt 
«ttfift«0«fr^ KfHA©««fcJt'SKIHlB©«« 10 
•eiamtftZo t%t>*>, eBlB©««fc::fctt*$Mft 
fgpftcii. *-#>*7^a-7fc^L*©SiMH15 

[00 7 1] *%mi. &Lk<D£olcLXmt>tirc, * 
•y h7-*tf«l8SftT^3$MIM«*^ 

ftfc * -# 7 f- 7 ^ a ~7*Jfii**S!Jfi-r 5 C £ 

♦fattstoTfes. -r*t>"6, {g&e© 

*>^-7^a-7«IJi*o«!JeWfe Mtftc, MSE*-y 

h7-^6ftSCi:%«fafrS*-#>^7f-a- 

7«^:fcJ;tf^ft£fflt^c#-tf7^/?-a-7x^ 
[0 0 7 2] cct* rsttSiMRiKJ tit, mi (D?? 

ftWMi tit, immwci}-#>i-y?-a.-7ft^L 

©*-#7*7^a-7SteY©#tt«fcaLT#*8 
**AnU *-#7^7f-a-7tefi#eWFLfc, 40 

iHB©«W£fifcv^»t©^s?fcsy57a>©# 
mffi^wuT, mttmc return 

9> rflttgtfiwfci ©(MMc^Sft-So 

[0 0 7 3] *fc, rfg^gJ iSttStf 

T, iMRiStKov^Tt, *©&©#m£©#iJgJ^TT*fe 

z>£tzmt>(D-eit%\<\ 50 



1$M 2002-346996 
14 

[0 0 7 4] £33, #?PJl{C:|3^T^$£ft£#-*> 
-f 77^-7©* -y h7-*f£Ktt* jg.-fbt^-^V 

7 7 1 a - 7ffiSH LT V ^ft < X 6 «t 
<, *-#7^/^a-7«&tt©£ffltt£#ft-f3 

«ktf/Sfctt«*Wft«WK!ll^*ftfttf*v^ 
[00 7 5] CCT% r*yh7-*J tli, 88SO* 
-#7*7*a-7ffi5IHK:*»W43*tf/*fctt«&C 

-#7*7f-a-7©WK{*lW*aEU frO, KSttttt 

^TSg*Wc*-*V^/^a-7©S#ft#, 2W± 

Jtft£ft5W&B9o 

[0076] mz^m^TwrntZo mz\z\t, 

#-#7-JV^a-7N l~N9©ffl5|ST*£!§LT^ 

fclJgil££ftT^ftfcf«fc^o 

[0 0 7 7] H2t^Sft**-d?7^7f-a— 7©jfe 

K N4, N 5*3ctt>*N3©4-0©*-#y^/7 L a- 

7fc«kDJ&S£ft38tt#C2tf#fc-r3o ?^t> N 
1, N2, N9« N8, N7, N 6*5<fctfN 3©7"D© 
*-#7*7?-a-7fcJ:9J&fi£ftS«imC3ff# 

[0 0 7 8] 3 0©8a«flc©HfffcOl/^TttWrSi:, 

wKttc 2«;»Rttc i z&mtzmitKvx^Zo 

i/^So -r&te-fex wtti*c l^ssi-rs ck##c 1 1 
mts.<o ttmxtf&tz, «K#c2*sj:tf«#f* 

C 3©20©®^^mtti^ft?>o -D**), i2IC/7i 
ft§^7-^y^77 L a-7©*^«i > *^ftf^ 
r*»h7-*j ©#fct;tc#2:ft£ £©?-&&<, 
[0 0 7 9] 02tffC«ffitfe^i*^#af 5 

*<y hv—XQjzmzwmtzfctbiat. 

feffiit© 3 ^©fctftttf SKE©H«**f LT^fttf ck 
<, H2fc^«ftS«»fc:*V^T(4, 3 0©TOC 1 
~C 3©**ttW"rfttf«fcV^ »6ftfe*f6W©*-# 
y^y7 L a-7«3gWi, *-*>^-7f-a-7tffflS 

*'rcfc«:<, *-#y^V^a-7©«ig£P»cIB 
[0 0 8 0] *«W©*-#y^7^a-7*Jfi{*»4» 

»J^S^ll*)lfflm3fE«^■^^/cfe©i:S& , ?, t>~i£y+ 

Ztcib, miIBiiif4a^^©*-#y^/7 L a-7ii 
S«HK < , m 6 ft £ * - jJ? ^ 7 7 1 a -7«iitt(c felt 
5*-^y-ty7 L a-7©SgJg*MSv^Kt5V^Tfe, 
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i)-$y-t / =f- a -7<DZ v h 7-* £ £ SftirMtftfi 

[0 0 8 1] £fc> *l8WKJ:S#flMft*tLT, *^ 
3B8iitt***:fS C t T»* *. 1R4>tt7«-e«RSii 

fitfftv^fca&fc, A-tfy^/f-a— 7©#&LT^ft 

[00 8 2] Phys. Rev. B 62 R 2 3 0 7 

(2000) TsmsnT^sj^fc, 

en £ T* ic ft v *bh&«!KEM& «fc tfltSia - # 

*ft* : FB»*^«'P*S«fc5fcao, ^UTteK^Igl 20 
[0 0 8 3] *-#^/f-a-^ttiffl<fil^Tfe 

^saa*sfi^ft<Tfe, »{*affik<oisifc»<77>- 

mwtfZvhu-titznzrztb. H3-#y+;?z.- 
•7mz.m<D®Mfflti*®fr-e}^K£ 7-* »/* 

■h —$y -f y ^ a - 7 1 <DVdM?3t) fc«fc?)*yh7-* 
fcHWHSKItt D{*V»fcttt6"C, SAftfrF© <fc 5 KISS 

[0 0 8 4] S^tC, *-#>^yf-a-r«IJfi«:*^ 
*JS Ctt"F» r^-tfy^/^a-T-fPfjgftfij fc^ 40 

do ) **»RW\ fro&jb-#y-*v^a-7m# 

m »*-#>^/^a-^*Bi«aiiiKWMMi* 

If A LT*^ ^MfficD^ K>WiK> & if ©JBHTOffiSftffl 

[oo8 5] <*-xy+s?-*-7®mft<Dmmyi& 50 
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>*mw<D*-xy+/?3.-7mw<Dmmj5mt. 
mtim<Dft&mK*-$y-tsi-3.-7zim-£itrc& 

■rso 

[0 0 8 6] *fflik&\ l *Tm^ZC.t1PVl*%ftim 

0. lPa-SOTt$5uW$L<, 0. 000 
0 1-0. 0 1 Pa • SOffimX&ZCttfiZQtifZl, 

[0087] mftto&ftm.M<DmtLTit, jk nmm 
mm&tf i~3 o$v<Dmik&mm, 7^- 

■If >&3W4 WPxyftHo^ftSJas, £fc«^ne>© 
[0 0 8 8] $fc, cn&Ml^lcli, #?££L,<?> 

*<Dtt«ojastt#tt*f"jfflbTt>«k<, ms©& 

£ i: ft 3 <fc 5 lc»IR!«©iafi*SI» L Tffiffl-T S C 

[0 0 8 9] *flWfC*3^T^ffl-r^*-^>^/^a 
-7"i:LT«, S WNTt'feMWNTt'fci^o -« 
{C, SWNTCS^^U+^/U-efeO, MWNTt 
ft5fcSWNT<fc9«7^*>'7^£tf£fc*U ^Hfc 
fttl{fftSS^»JittftSMlPltfeSo SWNTilMW 

[0090] JifflRi^ftA-^y^yf-a-7<Dg$t 

nm~ 1 0 0 0 /im©IEH<Dt.<D^ffl>/^nv lOOn 
m~100(imOSi5iOfe©i() ( !iflL<^^tlSo A 

-#^v^a-7 , ©ifi& tLxit. mm%. 

•$tl%$><DXli%^t>\ —HZ&JICI nm~l fimOlBH 
OfeO^ffll/^n, *-#>^/f-a-7"{C)gJgft7U 
*^7;l/$^atnSffl)i(cWbT«, 3nm~5 00 

[00 9 1] *-*>^y^a-7*(i, Sljitfc^S© 

«»Ttt, 7 ; e^7 7X*-#y^)8iJii|cD^^g 
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[oo9 2] Attjs^tftttu, mmimmicii-xvi- 
/9-a.-7<Q#wmm<Dfm (®ico^7a)*fc«<3) 
®, rnft^wm, nmm&m. mm^*?- . 

0. lW&L±t?Z><lt-hW£L<. 0. 5-1 OW© 

[oo9 3] mmtemft®.m<DmmicmL, ij-xy 

>^-/^a-y*^^ptTff<o "fSi:, 01© 
[0 0 9 4] ««eiMR»o«ifii: LTtt, ij-^yi- 

y^^-f(Dmm • s$ • *s> #8Wgi&©«;g#fc 
§o ma, jMmtLx*&m\i\ ^tbrmt5 30 

(im, *?4nmOSWNT^|[J*fe»&lCl4, Eg 
f|jSX«*-sJ5^/^i-r»« 1-10 g/U >y h 

)\><ommmx*ib'), mmm^mmo^mtLxit, 

0. 0 0 1 P a • SULkT'&S t<, 0. 0 

0 2-0. 02 Pa • StDt&mX&ZZttf&Q&'SiL 

[0 0 9 5] m^Hft***:, fiSIBKttSiMftjlJtfcfe^* 
f : a-7'©iifi*9l8'r S C (c J: o T, 
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tc, m&znzx-xyi-yi-i.-T'ffimwiz&^r'p 

&<DJ}-#yi-S?-3.-7frt>%;%&m<Dm^y b7 
[0 0 9 6] WEKttSiMRjRtCtt, S^fCffilOftft* 
[0 0 9 7] WEfl!lO«ji*fcLT, *ja«fc&K»Wfc 

$>BW*mzz%^t><D*m^rcm'&M&, 7^—9— 
-tbxmmu *-#yi-;?-a.-7m±(o®icBi& 

[0 0 9 8] BufBX^— 9— ZtiKDVstot 

lx&, f9(c«mittftt< , a?, mi. 

*©35ws^cya^*K^*^»f en* 0 *fc, mwx 
mfrn5z.£x*$mzti%t><Dxt>, wmhzwut 
¥mic®Mtz>c£x*±%-£*m®Lxwm-$tizt><D 
E-zz&zoiBmz&vxmmtzzttfxz 

x^«, n^Hg^nm, <«>©** z <o±w<ommm 

[0 0 9 9] Su!3X^— 9--(Wi»*WrSfl60»{*:k 
A^«Lfcrta««jg©t(D^, JS»JiEU<E5«JLfcllia 

[oioo] Huiex^— 9— w«**w-r zmvmwt 
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[oioi] 15127,^-- y--m®m*mt%m<DM&<D 

[0 l 0 2] # 'J Y-i<Df /J^lcfcttS* 'J 7- 1 L 

xa, mm^mmrn, mmitmm. xm<tmm 

zmomfotLxa, ±.u<Dtm<. zmBttzmzct 

mmm<Drctb&MBVizmtR?z>zttfx2z>f)\ 
$y+/?-3.-7't>mmLM^B#ttz>titbi*, mm 

[0103] buibx^— 9— mm&zm?z>m<Dm&<D 

)l:i»f tU£ <fcV^> IblOn milt 1 000(im 
C b < , 2 0 n m&± lOOpmW 

TX*3o%Ctff£*)tf?%L<, 5 0nmWilO/imW 

[0104] -n. wmm<DVafotLx, msmw^ 30 

© *ffl^fc*£tett, 

U *-#Vt/fa - y«jt# t(«f 4"T § c i: 

^/f-a-^ffiSOBIBIlfe«ktf/*fettifitl5»«:EHS* 

[0 10 5] BulE«^tt^WT5fl!l<Dmi:LT«> ffl 
*tf, K?» 

e>ttto£ftfc#?^ffl^&£5bw&tu *<D&MtL 40 
Ttt, tftKtt. witt, ¥#*tt (**<mttfe«fetf* 

nfttt, igfett, #«itt, a«tt» 7t*tt%if©#tt^ 

#H^X {C «fc o Tgftf S t ©T'fc o T «fc l/\ 

[o i o 6] affitt^^jiitta?*^, kw- 
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[0107] «$itt#?fcL-ni, 4i»rtawc««o« 

0O**iH l ^»$L<, «W«#ttO**^«fc, 
^#&fl^*W6nSo **s, ±I2*?Sf«#ttt5«ktJ r 

■csarsc * 0 dna, 3 7 -yy% 

[0108] mtmn^tLxit, 
$%z&mm<t-&mm : ?, 77-uymommmTo 

[0109] mm, mmm : f-tLx&<Di-sm. : f-z 
m^itms* fi-$yi-y3-z.-7'ic&zmn&*v v 
y-7(D®mm*mz>cttfxi*%* «att*m« 
mwm-tbx<Dm-it, *-#yi-7fa-7tft& 
mtx&ttmimmmmLrcmc, mha+& c tt>w 

[o i i o] itfm®tmzm-?z>m<D®wtLxit, * 

tEJiStirSCfcjyetS. io-^yi- 7 9 ^-7\m 

<r>mmc$!m.i£*k% a tx\ m&vtnzmm&vMztfi 

■r&te-6, MiBtiHitt^-rsfte^wccfcD^-^y 
*-7(Dmmfc&, ±wttx\ o©#?#«fctt;fc« 

7cTf*4«nSli^, HulB^Hltt*W-r^ft!JOfti*©# 

[0 111] ag««ffiKBBLTtt» 
^tg^LTgint<:< <fc£l#tt©&{i£2ofcU:Wf 

^y^y^a-^gmcfesaa^Sffitrfc^ tiosf* 
?%t, A;l/^/US (co oh) teMt^ti-^yf 
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;?*-7t%iZ>i)K cof^ta, 7mm (oh) * 

73./m (NHz) W;l/#:/Hg (SH) %E<Dt»l 
tf-/«fcEBL J W*ttl«*«r$m:J:»K £B 

[0 112] S/i, C<0*;I/#-;uaftH*S[tt©'gftl 

(COO ) \cttLTl*lJ>W>VL>J*V (Ca 2 * ) , 
•??*iyyh-4*y (Mg") , 10 

(a i 34 ) ago^fco-ftfyfcflfflij-scfcjVT* 

So 

[0 113] mb&fflmtt. W±©J:5fcbTH6ti 
[0 114] W±OJ:5lcbTli6nfeJfia!ilKMWB(*« 20 

[0 115] fiHE#»«W\ Br«o*ia»ffife:»«iS* 

[0 l l 6] jfflEJi«»ffifcLTtt» 0Utf¥Bn8ffi£ 
[0 l 17] S3iB5MR«*BrS©li»»ffitc»«**S 50 
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wens. "fTt^aawwtt©*-*^/^! 

[0 118] Sft, «IIE!B!«i«5MR«SrmS©li»aMfl[ 

/ f - a -ymmitzmmvM mm* mm znxmist 
[0119] mzmmi$mcntemft%imti£Mtz>m 

Boxti-tfyi-/ : }-3.--7*mm?z>£t s t>x*z%o 
ccom-e?, mm&mmzmmvBVitLxismf, m 
m<mmc*-#yi-s?-*-7(D*vbv~-zi3W& 

Z?itc*-Xyi-/?*-7ffi&W%Bl$,t5 c ttfX 

[0120] mBBm&mmtLxit. w*tf, txr 
(1) *J«fctf (2) <D2-o<Dmm*mif%££tfxz 

(i) ¥mm&±icM$i&tz&a&zmf%£tx\ m 

[0121] ¥ffim&±icwi$%rcim®zmfrcm-9i 
tc-D^x, mzm^xmitZo H3«, ¥es«2± 
k C3a 4 *v - - y ^2 tizissmm&mf e nr v > 
*«ffi*a-r«sj«ia-ei65o d©¥ffi»ffi2±tc, ^ai 

cagp 4 tc«jEKtt*»«a*%ni&*, ^01 8 xmm 
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4{c&oT#-tfWV^a-7tflEg£tu io-#y 
[0 12 2] $7c04 (a) it, ¥ES«1 2±tiaa? 

m-zmt®mm?&z, 0 £©¥®g«i 2±tc &m<d 
gpi o{cie^L^^e.ii)iTs, £<Dtz, m5ic*t 

&EP1 6^|p]{Cjitfb/c:^ OSP1 Oizm^Ltcmc 10 

ctc^iTf 3 0 LfctfoT, ASM otc§lo 

frfrS^fCLT, #-^>^/^a-71#3tft2>W 

*£<tk (mar, ¥m&m<DM®fimz*z< lt 
to % *-#y^y^a-^digpi otcsiofrfra* 

*IS&m>gtc»oT#-^±yf-a-:7*1ffjg 

[0123] c<Dmmc^xit, aapi o©/^*-^ 
yy^H4 (b) &%wtm4 (c) tt^f «t ? icmm 20 
iitR-fsc ^©^--yytcj^ufc*-* 

i^/^a-7«^tt«£T3;:kt>T-t5o 0 4 
(b) V»^-~y>7\t, t£bSP 1 0£g?iJf$k:SBBU 
*©?J©P.S£&£@Jg£ttfc#J-e&3,, C©1§£\ ifltt 

js^^b^s^iBi^.toTfe, mt>nzi3-$y 

[0 1 2 4] 04 (c) ©/^-^y^ti, (0jg(5 1 0 CD 

©^©is^et, ^t^-^-?- /^a-rms© 30 
So asm o^LTti, a«^s-rs^(cisi^(c, a 
*i£s&?£¥ffi»££tt*2-e3 c i:T«-r§ c 1 t> 

[0 12 5] ¥ffi»1S±{cK^§[Hlgl5 (dbgPfflSP^tJg 

i-y ^a-T7^3Wi^©Stf©t>©©g£<fc 0 t>JSi^ 
k, jft*«fciai!!i«3itejf6A6n*«kdteft5. c© 

ctm, Kt^iSieo?5*!ifi»»«*fflv^i:#i:|B| 
[0 12 6] C3gP$fcttflgP<D^tUTtt, 

<aufctofc-r*ci:t>-e*«. fflxtf. 06 (a) © 

|o)*^A-4-tyfy^a-y2 4©*-y bV-?Z%tS 
ffitt&Sft&Si L*Ht/c^ flSP2 O©^©?^©^ 
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fc, 06 (b) ©J:5fc-©^8!©ia83 0*RttTfe 
tttf» 5^012 8^|pJ^?>*-5K>'-ty^a-^3 4©* 

oo-o^ffi©IBR»ci3***Sei^a<*0, ccic* 
-#wvf-a-73 Atmmwc-h-xyi-si- 

[0127] s&ic, jpissfi^iiiKiaassfcttiaaj© 

s-rstfiikfttK *-#y^yf-a-ra»«-rsfl 
nrcD> gioft^nfcOLT*., *-#y^y^a-y 

[0 12 8] £<D£olC, ¥ffi*«*ffi©IHia5i^ & 

urns* laasBsiHfc^jssnsflffi, asu 

[0 12 9] (2) ¥fflS«±^BufB»m^fC^-r§^ 
ME8IMfRi^A-r«. ¥B*ffi±(C tula 

^yf-a-^ft^*)^i-<, MttttoffikHW&icttat) 

tc<<ft^ 0 CCT* rMSBiMR«fcJtrsSB*ttJ 

^7Ki4©iii:^ici*-rs 0 -r 
©a5{4 1 «7ki*©gi5{4 1 zmmv&mow > 

[0 13 0] iMcttOMSii^ a«tt©«v^Pffii»S* 
fflt,>, cncWE«1R«i:©fi***«< ft 5 «fc o &m 



(14) 
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[oi3i] «jfcfc^T(i, m*mc mm&vm^ 

f- a -7&m#ZBl£t % c £ tfT£ £ ct ? fc & £ c 
[0 13 2] MfBS^ftkbTti, ¥SS«±t^ 
tffc J: fc(id«©^R^gafi bfc £> % £ 10 

t\ mz^temft&mttffiLMfzt. m?tt<D&mic 

ffi»«±{c, §£tt©£Jl£gEBbrc±T\ MIBllJStelS^ 

mmimmv ( i ) <n>mm<D, mmmm<o 
(2) oymmcD^n^timmmt^dct^vt^o 20 

[0 13 3] 3:7c, ^MJ^^BHB^nfcl-X^TffiS 
«±<Ditffi&g?$1±£ai&TfcWi\ ¥fflSSSffl^ffi 
1 1> y ^ a 5 c i: #«T#, 

[0134] c<Dtz, wmmmvwihimoiyjx 
g^fg < -r n&\ *n 6«-&frttfiv^««e***-r <fc 

[0 13 5] 07 (a) H\ ¥ESffi4 2©£ffi 0t 
ffl) C^JBIR4 4*«|«Lfct.©-e*0, 07 (b) 
tt, J PSS«5 2<D3?E Otffi) l:i«I^H5 4 5; 
J&Sbfc&OT&So &*5, tefflnregfc&JRfcLTM;* 40 

Tt£ 0 

[0136] m±, ti-xyi-yj-^-yffij&wtkmfe 
<offimummm%mm:*foK*-isyi-;?-3.- 50 



2002-346996 
26 

*i«*i»SLTfe«fcv„ i3-#yi-;=?-a.- 

TJ&iE£ft5o bfctfoT, SffitgfcBigbfctfaiT'fi 
E^Hi:bTfemf<fc<, Hul2^i[®t LTzteMiM** 

fflv^*&fct*, sfoMMSfc-rs. wmmmttz 

[0137] <*-#yi-s*3.-7®mfc>&±mm 
brcj}-tfy±s?*-7m&to(DW&Jimc&*)Mm 

Wmx&%l3-iSyt;*3.-~7 : r>U7>it<$ibTmffl 
[0 13 8] UT* 1 0 5U 'J y h^Hc Kr-> 

tvmfrfYWho. 0 1 g*in*fe*»}S%fflv\ K 
mm 105'J'J* h;l/%jB^iS5MR* (W* l l W) 
TWb^e^-^y^-y^a-^^tc^snbT 

l^ofe 0 ffl^ft*-#>tyfa-/tt, SWNTT'S 

[0139] *-^y^-y^a-^^inbTff < 

icFWtfc CCDJ:5(cbT, M^2mPa • s 
[0 14 0] (mi ©^fiS^ffi) 0 8 it. *5mv>*>- 

tfyi-si-a.-ymmtocom 1 ®%n«tt«^-rtt$» 
umx3b& 0 w-m&&6 2<omm(oim±m^-^y 
■t/?-ai-76 4fr{bftzz-tfyi-;? : L-'7mm& 

6 8tfB*b"CV*. Kft(tm~»tfim(i)4-*y 

l^o LftA^T, ¥®S«6 2 ©SiBfc«*tt«r4A 
TV*. 09{c*^Sl6^©*-^>^y^i-y«ji 
i*6 8(D«?Sffi«^|| OOOOOfg) %7K-T„ * 

'>©Kfttf£i;TvSo a^«JB«o*-#y^yf-a 

-r»af*6 8tt, jttttfi»*«lW*¥iB»R6 2 0« 
[0141] ¥ffi»«6 2 bT, SS«fe 
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6 8teJ:D¥ifia«6 2©aiB*ll«ft:Lfcifr&, *- 

o»i*««*i(Hc*v'. 

[0 14 2] C©*?^ #llfi8J$K©#-#WVf 

SBfi (fti&®M) *nyyx3~)\,?z>ct\z&*), mm 
tt*i*fcnyho-;|/-rSCfc^T*, S&lcfcfcjaffi 

W^«^o^ft%4i;^-&Si:t^T*tSo Lfc^o 
fi«»fflfr6*S7*/wxfc5piffl-rsc fc#-c*s. 20 

[0 14 3] *Hfifi^tC*3V^r«, hV- 
*(f<0*-#>tyfa-76 4*ISP t g©'>&< fcfc- 

#-tfy^/f a-^W©^%:frft£-t±Tk 

S 0 cn6«^%^"rS»#i:LTtt, BUlB<*-^y 30 

tLTWfc *>©#*■©$ steffi-ess. 

[0144] *-t:yt/fa-WoftM^S 
SteiJWi Lfc <fc o »ttfi^«W"t»fcitte«S©1M* 

r§$©i&T> feSt>(±^org^4"\«^«-rs^ ® 

W8B* - /fa -7fflS©|fllRH3 «fc tf /* 
fcttifi«£E!iS-rcfc«}:v\, 

[0145] *mmBM(Dj]-#>i-s?-3.-7®mw 

S, *©^tf««fi*LT^SCfcff»K-?t?fc. $ 50 
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P>fC, S EMT'fiSlgU#3:>-/f a-7~©*-y b7~* 

[0146] set, imwew^fs—^yi-yi-o.- 
ot&b i otcwso m i ooA-^t/f 

8©0ffi±»C, A;W?6 6 A~6 6 DiS&XJ&t) 
ffi?6 6A' ~6 6D' %a5Wtfct>©T*S. 

[0147] *m&Bm<D*-x>i-s?-3.-77 t 'U 

A;W?6 6 A~6 6 D©fl©(,vfnfrfre>©A 
*tf£#H££ftT, tti^J^?6 6 A* -6 6D' ©40 

So Pa«fcEHLfc»S*l!&»fcLT, A^4$?6 6A 
~6 6Dfe<fctfHl^4|g?-6 6 A' -6 6D' BtCfcttS 

^#He>ftftfrofctf, «^©AW*«Hf©IE*^t>-& 
(668^660' ) fc©#, *E (5 V) *««Jjib 

(i 00) mimbrctc^ *<Dxmijm-e>mfr-&t> 

luiB«f«© AHl*iS8?©ffl*^t»-&©«SietiK:|S4 1 

[0 14 8] W£©Aa*?©»#£fc"£ (6 6 

Bt66C ) K©», «EE (1 0 V) %«t)5IL (1 
0 0) BttnLfcfccS, ^©A^iS^Sfi^to-e©^ 
8Kffi**^?-&S«ii:^T*fco £©££, ffi©A^4S 
?©ffl*^-(± (6 6 C t 6 6 A' ) -e&«fftffi©lf/jQ 
t>mmx*Zrc 0 HulB^©AHi*4g ; ?©ffl*^fc-&©« 

7-*fc, *©ffl©Aa^©ffl#£fr-e©*SM5illfc: 

K, ffi5mH©fcSCfc#«ffiSn;fc. *HJfi^«©* 

>i«D\mti7 i 'U7><D¥ : g®mzmm.tz>ittfX'2 

So 

[0 14 9] &:fb\ RiB©*Miltt*W'r3fl!l©1«**JR 
T**§ 0 Sfc, ¥B5S«6 2©-£t>L<«;K#©®fr 

§o 

[0 15 0] (fS!2©flS(§^ji) 011 (a) {*, *H 

--y?lC%i-3X*-#y+/? a-77 4*<EB*n 
fc, *-ii?yt/f a-7*«it<*7 8ft^lS?nT^ 
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coi5i] *$m&mo*-xyi-s*a.--7mmto 

7 8 it, lXT<D£5lcLTmm-$tlZ>o ¥ffi*«7 2t 
V\ 01 1 (b) (c^-TJ;^tc, plrl(D;^--y^7 

[0152] LT7m®t*zm^mttimftWL 
mw*m\ cn^±iB^^--y^nfc0i i 

(b) fc^-f^ffiglStcffitLAHtSiu ^Kli^ffiT'fe 
z>/W--y77 6 f-a -7 7 4tf 

BSIU 011 (a) lC7rc?mtt<Dl3-#yi-;? : L- 

fwmi 8t>mm-$tiz>o $mmmmnas^xs>, w, 
KDwmmmm. ij-^yi-z^^-fmrnm 8* 
tfi-#yi-;?*-7im<Dmft*ft{E-ii-&Tt>£^ 

[0 l 5 3] co«t-5»c*^»»ilfc«J:ntf, ¥ffiSffi 20 

[0 l 5 4] (»3©H«S«SB) H l 2tt, *|gB^©* 

fctfflt&oT^So 30 
[0 15 5] »30^««»Ci3V^TH:, £1\ 04 

3AS51 0*«|«Lfc. ¥ffi««l 2£b 

T©^vX«©Sffi{C^2 0 nmH»U ZVfflX&k 

t&mtzctx, %mcft*iiLrc&mii¥<oa®i o# 

1 0t4. #-#WV^a-7#ijgft8 8{C<kt)«mW 40 

[0 15 6] (8!4 0£tt£tt) 0 1 3tt, *HB^©* 
-# > * / f - a 4 *^ 

Brffi0T*£S o *nffiBm<Di]-#yi-/?-3.~7ffim 
Wit, *&Si¥fflSffi9 2<Ditffi(c, jgiagfflHg 

^rp>/7-y^#«9 6A (0. l^m) , IlOHH 
««fciai«o*-#>^/^a-'7«l3af«B9 8B, m 
7^nv'7-ylil9 6B (0. 1 p m) , $ 1 <D|g 
««»fcrattO*-sl?y^yf-a-7«l3fiflcH9 8C*' 50 
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[0157] *m&&m<Dii-tfyi-s : }-*-7®mw 

it, WT©«fc5fcLTJH3fiLfc. 4 S£Jt<ffl 

fcEBLfc, #5*«©«BffiIi^9 2fc#l/C, £ 

KDmrnmrntmrnicLx. *-$vi-s*a.-7mm. 

-^l«LTi7^0i'7-yIfl9 6 A£Jg$ 

u mmmmmmtrnmicLx, 

7ffim#m9 8BZBi$.u Hxfm7#v*s7=.y%m 

#LT^7^ai/7->^*S9 6B£Jg$U 

3.~ymmwm9 8 c*#j«Lfc. &js«®9 4 d;&k- 

fllfcEBLfc, #7X«©f6IH*iBaS«9 2' fc, *- 

^yi-/^-zL-fmmwm9 8co±c, &r*S9 4 

S £#g«!9 4 D fctfK*t6N<D4£fcfc3 <fc o ic mm 

1 7 * p i/7-ymmm t <Dmmmmwzw m t 

[0 15 8] mztifcffimffifemt. 7$uy7-y* 

%%&^3m<o*-#yj-/?-*-7mmw<Dnf5.fcm 

14(0. 00 10-rn) iHi^lSeitt (1MQ 
•m) fc*U 7^n->7^yItI^LT, £&3 

[0 15 9] £ <bic, 0 1 4K7*f S&tL 

\mLtc 0 t^c commmmmc-o^x. mmmt 

-YXfcftHLfco y-h*S9 4 GfcBEfcfllJtaLT* 
&SttHFt5 9 4 S , 9 4 DOV-X- K l"f ym?iL*m 

bmmxzrc 

[0160] (ms^mmm) 0 1 5 a, *fgB^o* 
jStimsmrnvtos. *mmmm<D*-#yt;?3.- 

y-r/UT.ti, ^ 1 OMB^SS 100A (500;im) 

^a-71«3gi*« 1 0 8 A, 110(0. 2 

fi m) , ^KJB 1 0 6 (0. 0 5/x m) % iETL$fiHiS 1 

04 (o. 2/im) , m \ (onm^mtnm.<of]~^y 
i-y^zL-ymmwB 1 o 8 b, *j:tfa2©aws« 

100B (5 0 0/i m) tf!SttP>ftT&S&<DT*&3o 

[0161] ft*©KMB»!:ov>TBMB-r*. ^ 1 omm 
as i o o Mo&um2<Dmwmfa iooBt txit. 
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So 

[0162] w?mmm not txit, **-y-i/*77 

(PBD) ©»jS£*e>3-hLTJSJSLfct>0 

n?, if-r*-F*F, ledi^ eli 
[0 1 6 3] %yemi oetLxit, njxcs-tK 

n*i/*/'J/9) 7;Rz->A3yyU7^ (A 1 Q 
3) O»»*Xlf>3-H/TJ«ilbfct<0-e*S, 

feu *%micts^x&, ittcnfcRss^n-r, LE 
$ n«&«*mfr 6 ft 5 1 <D*mm? % ck^-pts. 

[0 1 6 4] XETMft&JI 1 0 4 LT«, N. N' t:7. 
(3-yWi-;l/) N, N' ->*7i-;Ki, l' 
tT7x^;W 4, 4" ^7^> (TPD) ©7§i&£7.£ 

i^m «pKcnk:iB««ni*, F 

»RTiE7Llft3SJi f: $ ns^IW ft 5 €» ©£ilffl 
[0 16 5] C©«t9tcLTS6nfe*-*y^/f-a 

-77 t 'U*<Di!i-$>i-s*3.-'7mm&m 1 o 8 a 
*3<fctf i o 8 bhk*e ( i o v) ^enip-rs t, %m 

[oi6 6] ±m^-^yi-/^^-y^uxic^ 
t, m i <Dmw&& i o o A*5«fct;*-5py^-yf-a- 30 
ymmwm iosa, Mmc <omwmw. ioob 
*«ti;*-#>^-/^a-r«3i(*» iosb^ mss 

^{CcfcS I T omm : 1 . 4 X 1 0 ' Q • c m) left* 

y^a.~-/mmwt>mmmmt LxGmx&zcttm 
mztitco 40 
[oi6 7] cm§<n$mBm) hi 6a, 

/uxit. m i (onMmm<DJi-#>i-/3-3.-7ffi& 

wvmmz. «B? 1 2 6 A*5j:tf l 2 6 B£^«\ 

4>ic, ffltitt (*E©Bi*nt«fct)5B1£-r*»?) l 2 
2 A^SlBBS^nTft 5 fc©T'&3 0 
[0 16 8] *HSgJgffi©A-d-*y7"yf-a-7r/W 
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#t$fC, 4» 1 2 6 A&Jctf 1 2 6 B*Rttfct>0«\ 

iBti^F 1 2 ztfftmztircTiEjm<D®mc % i5.tz. t 

X\ ftXft? 1 2 2S*-*^yfa-ri»«:6 8 

[0 16 9] -iS«OfflJ«- 
•QttflJBR: 10 05UUyh;l/ 

• h;H> : 2 0 5 'J 'J-y 

• h;x (8-khw+yy/7) r;b^^>7i»3 

y7*U7 7 (A 1 Q3) : 1 g 
[0 17 0] #6ftfc#-#>7^/?-a-:/7vVl'X{C 

itK4ofctf, &SWEI8ffi (5. 5 V) J-X±©1tE£ 

tf, *-*y^-/^a-r«JK*6 80*»»fCife** 
-3K>7 v yf-a-r6 4%7>LT«E^ea«n, «7t 

2 2K«E^aiim?frfcc fc%^UT^s 0 £© 
£?fc, *5&fl©*-#y^-/f-a-^«31#K:J:n 

tf, * - # y *y f - a - ygs^tc «t 5 
[0171] mKommmm) mi i *?iw©a 

-tfV^V 5 L a-7 , 7 ? /^7.©m 7 OUffl^ffi*^* 

SiW»*HSH"e*So *ll*Si«fi80A-*>^/f-a- 
7x/UXti, PMBtcXaST? 1 3 4 A~ 1 3 4 Dfe* 
tftH7J^? 1 3 4 A' ~ 1 3 4 D' AUtetlftfll 

Si 3 2©, cineiSWiSit^tifcffifc, WCX, f>~ 

*yi-/**~-7mmm 1 3 s a, » 1 ©«^w«» 
mm 1 3 6 a, #-#wv^a-:rflijgtt« 1 3 8 

b, mznwmmmnmmi 3 6b, *-*>^y^a- 

-7*«5i»H 1 3 8 C, m3©^*H«)i« 1 3 6 

c, *>&xsi3-i£yi-;i-^-7mmwm 1 3 8 da^ 

[0 17 2] *JB©a¥«fcov^KWf ¥SS«l 
^}g#« 1 3 8 A~ 1 3 8 Dti, Hu8EiSiiifi»«(fKW 

(^-^y^y^a-^zua : 2 g/'J>y h;W ^Mf^ 

t LT, 5^, 3^, 2. 5fg, fe«fctf 

2^{c^n^fn^iRLfc^^^L, 

£C©HBT?ffll^T, 138 A, 138 B, 138C, fe 
«tD*l 3 8 D© j en ; fn©«^Xtf>n-h{cj:i3^ 
Lfcfe©T'^5 0 

[0 17 3] ^lfcJ:Q*m2©a^W^»^«l 3 6A 
*3«fct/l 3 6 Btt, PMMAd?'j7-lmgmh^ 
HJ;H 0 m 1 t»»Lfc»a[*ffll\ 7.kr>rj-h(c 
«fct)0. 2 /im©iHJl£m$ L/c *>©•?&£<, ftfe, » 
)i' : P^6S®^T'fe?.7-trh^hU;l/©^ fecfc 
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Btyc, xvyx-wmc l 2 ortcip^Lfco 
[0 17 4] ftfc, flMgftWtltjltfg 1 « (13 6 
A) <£>&<D£:£i:Sjl2B (1 3 6 B) *1n*.iH%<DWto. 

[oi7 5] z t>imm%®mmmzmQLrm3m 
cm3<D®m%®mmm 1 3 e o *jejSLfc 0 ^3« 

(1 3 6C) tt, JMTO«fe5tLT«lSLfco 

it, mi 0 0 nmJ^T7feo/co SSfcHflUcXtryn 
-hLT, M2 0 0nm©I (S3* (1 3 6C) ) 

[0 17 6] »3Ji*in*T£6nfc#IS8Bei8©;&- 20 
H8WO0N-0F FK#oTiiW-r*Ct^BtK*ti 

m<o o n - o f f k#o zmmt %> c t tmmz nfc„ 

[0 l 7 7] 

F7-*#, mswaa • f««c«is«nfe*-5K 

fc, *£lflfcj:fttt\ ^cD«fc^^*ffl^:^-#>^yf- 40 
[0ffi©f8P££lHI«] 

[0i] a-tfv^/^a-^osMWSfcfcW'**- 

[02] A-#>t/fa-70^.yh7-i'J« 

-0o*ai-*sii;*igTi65o 

[03] ¥ffiS1£±£IH|$*W--y^*nTigS& 50 
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[04] ¥ifi»«±fcfl»av<*--v^snTSK 

[05] 0 4{C.43{t§^ffiS«±(Difia5{C*-,t*^^ 

[06] ¥wmi&±icm}t>tiz{h&<Dm*7f;?mj£ 

¥flBHT?*!K (a) ttflgP<D^«A^<0^, (b) 

[07] (K-ffl) K&mmzm&Lit 

(b) &ftwicmmc&mmz&i$.Lrc&ore&z a 
[08] *58wo*-#y^-y^a-'r*a#©mi 

[09] B8©*-#>*/^a-7*ififl:tfD*FR 
{ftflK^ff (3 0000IS) T&So 
[010] 08<DA-#yfyf-a-^1i^#^ffl^ 

101 1] *mi<D*)-$yt/?-x-7mm.&<Dm 
2<Dnffi&m*®m?zrctb<Dmmx*&*), (a) a* 

ittS¥IH"Pftt), (b) it (a) <Oi]-7f.yi-y 

nrcrt*--y7%7fi?miX.¥-m®T'3o% 0 
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